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I INTRODUCTION

The incoherent scatter technique has made possible the measuren.m nt

of ionospheric electron densities and electron and ion temperatures with

a single, gxound-based radar system. These ionospheric parameters are

important to the Defense Atomic Support Agenc (DASA) nuclear weapons

test program. During the past five years, Stanford Research Institute

has--for DASA--designed, constructed and operated an incoherent scatter

radar to develop the techniques for operating in a nuclear environment,

to improve the radar system, and to conduct ionospheric researches on

the natural ionosphere.

During the past twelve months, the objectives of this project have

been to implement a program of equipmental and operational improvements

to the Mighty Sky Project 61.7 radar in order to achieve a high degree of

test readiness. Specifically, the project efforts during the last half

of 1969 and the first quarter of 1970 have been directed towards:

(3) Implementing computer programs and proce ares to speed

up and automate data processing and data analysis

(2) ]mplmen ting a digital autoco relator to enable spectral

analysis to be performed in (nearly) real time

(3) Conducting ionospheric studies using the incoherent

scatter technique for the purpose of better under-

standing. ionospheric phenomena

( ]) Plllanning the move of the radar to the auroral zone

(5) Maintaining a current awareness in the progress of

the incoherent scatter technique so that maximum use-

fulness of this technique for DASA's purposes will be

rea1ized.

S 1
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'Tlhis report, Final Report--Part A, describes the results of the

work perfonned to satisfy Objectives 1 and 2. It is also intended for

use as a reference document that describes in detail the hardware,

software, and procedures used in processing and analyzing the incoherent

scatter data. Since many changes in hardware and software have been

made during the past five years. and since the radar will be relocated

to Alaska and used by) p(rsonnel less fa1.1iliar with its operation, it was

felt that a rport collecting in one volume, all the pertinent information

concerning the receiver system, calibration system, analog-to-digital

conversion (A)C) system, digital subsystem, and computer processing

system would be extremely useful.

The work performed under Objective 3 of this project is described

in a separate report, Fiinal Report--Part I1. That report includes tile

results of three 48-hour data run.- (June, July, and August 1969) taken

before th, installation of the digital autocorrelator and at least three

48-hour data runs (February, March, and April 1970) taken after the in-

stallation of the autocorrelator. In addition, data were taken and anal-

yzed for two partial solar eclipses--one on 11 September 1969 in which

the sun was about 70 percent obscured, and one on 7 March 1970, in which

the sun was less than 30 percent obscured,

The work performed under Objective 4 of this project has been

completed; it resulted in a proposal entitled "DASA Project 617 hadar

Relocation," which was submitted te DASA in early March 1970. Included

in that proposal is a description of the work done under Objective 4.

Objective 5--maintaining a current awareness of the prozresj of the

incoherent scatter technique--is applicable to all the other objectives

of this project. The achievement of this objective is evideinced by the

improvements and results describod in both Part A and Part B of this

Final Report.

2



I.
i

The plasma physics theory governing incoherent scattering of radio

waves from the ionosphere is well described in the literature 1 2,3

and will not be repeated here. However, the equations, assumptions,

interpolations, and extrapolations used in the data processing and

analysis are described in Section 1I, Measurement Technique. That

section gives the mathematical procedures used in the processing of

the incoherent scatter data so as to yield electron densities and

electron and ion temperatures.

Section Ill of this report describes the radar system hardware,

including:

(1) Receiving and calibration equipment

(2) Analog-to-digital conversion equipment

(3) Digital autocorrelater

(4) Computer interfacing equipment.

The software developed for and used by the Project 617 radar is

described in Section IV. Included are the on-line data collection

program and the off-line data processing and analysis program, both

of which were implemented during the past nine months.

Section V summarizes the improvements incorporated into the system

during the past year and points out further improvements that could be

made in the futurc.

* References are listed at the end of this report.
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P1RECEDIG PAG~E BL&NX-1'OT i'Iai2
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I1I ME;ASURE:ME:NT TECHNIQUEK

Incoherent scat ter is has -icl ly a technique for mea~isuring ionlospherclic

ci ectron idens itie 10alfd elect ron and ionl temperat ures by using a1 gouflid -

based radar facility. Several al1ternat ive mecasurement methods are 1)os-

9 it)le . 4l Tis rep~ort d1iscusses inl dot a ii oi;, the monlos t al c' pulsed radar

technique imlplemnlte.d for thle ])ASA Proj ect 617 L-band radar. Measurements

of received power as a funct ion of ranIlge- and of t he frequency spect rum of

thle receivedsina as a function of ran11ge are used-C to dleterm'.ine tile ionlo-

spheric parameters.

A. Power Profile

Equal. ion (1) is the formulat ion of the radair e3quat.ion applicable to

tile inIcoheren0t seacl. 1. r me(2asuLremenlt.s:

N (i28,2 -2) 1' 1) ( r>)(1[( r ~+')i ic)

Whore

N = electron density at ranige Ix (ol,/ni)

c = velocity of light (nv'/s)

-28 2
CT = 0. 5 X 10 M n backscaltter cross sect ion of single

electron, assum11ing, a, 0, '1 =1

All ter.-;s are listed and (lefineci inl the Glossary , which precedews thc



6 = an~tenna gain along main axis 47.15 dil

- antenna half beamwidth (radians) 0.3 T-T/180

P tri'aI5isit ted p~ower (watts)

T = trIilsi.1te ciPl ise lenlgthl (seconds)

p = r'eceiv'ed power at range R? ( aIt

T = electron-to-ion temperature ratio at range R

(RUd) l14.22 X 10 T /NX at X 0423 mn.

ne nmerial Cnstats firs braket)andunchanging ]'adiii ramtr

(seclidbraket canbe valate togive:

In thlis' forml, the O~juation is- separatod into o numerical constant

(frtbracket) , variables- that may be changed but are fixed for any par-

ticuir data ru'n ( second bracket) , -.ariables that are directly measured

btid1racket) , and variables that must be inferred from othier--requnTc3

SpC~trum))--bbl~aSUr'ementI's (fourth bracket). An adIditionlal complication is

introduecdi by the fact thait a' is itbCjf 0 JuLnction of N. 'ithus, to deter-

minetheelectron density , one must first know, or at least estimate, the

elecrondensty.'thec solution of' this problem is discussed later., s

first step in the data analysis procedure, the dlensity iscomputed b~y assuim-

ing 0 a nd TI 1 , giving what we call the raw electron density,

6
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N =\T)( ) ,(:3)

w lorc

20
C 0.475 X 10 systom constant.

To determine tile electron density from Eq. (2) or (3) above, a

careful measurement of the magnitude of the received power is req ,ired.

Alse, since the received signal is at best only a few timos larger than

the noise level, and at most ranges less than the noise level, an accu-

rate subtraction of the receiver nois, level from the receiver output

containing both incoherent scatter signal and noise must be made. Further-

more, the receiving system gain changes asz a function of temperature and is

periodically adjusted by the operator. 'The received noise power also

changes due to (I) reception of' signals from, interfering radars,

(2) rotation of the celestial sphere through the antenna beam, and

3) variations in the gain of the receiving system parametric amplifiers.

To account for gain and noise power changes, the received noise

level is continuously monitored and recorded. The noise level and the

signal-lus-noise level are calibrated by periodically injecting a noise

pulse of accurately known amj: itude iito the receiver chain in front of

the first parametric amplifier. 'tiis pulse is called the "calibrate

pulse." Figure 1 shows how the detected received output as a function

o1 time would look oil an idealized A-scope display if a square-law de-

tector were employed. 'Tli ordinate is average received power, ari.z-

abscissa is time within one interpulse period. 'The following equation

is used to determine the received power, 11, at range ]i

= (4)
1C I

7
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I RANSMI 1
PULSE

GROUND
ft LU1ILF( CAL IL3RAIL

I _ _ _ _ _ _ _ _

0 1 2 3 4 b
TIMEPH - gus

o0 2o 30 34X 400 7O 0 0 80 9 1

RANGE -km

FIGURE I1 RECEIVED POWELR AS A FUNCTION Of 1 NIL (RANGE)

where

1 =thle received power me1asuIred at t hej rae

1) the rece ived power mecas ured1 aLit rage where noe sIi nal

pleis present

P k=tile inject ed calilbrate noise puisq: power = KWV k B1

13 the receiver noise banidwidth of tile (let ect cc channel.

Basoetie11MtiiSIr Ietoidcttieacac. Since the

staistcaly, ~e. quntiicsmu-St be mea;sured and time averaged inl

order to determine their magnitudes. Typically, a noise pulse temperaen-

ture ('r) of 700 K is used for our measuremeants.
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Thec receCivedI 1pWcl's (1P, , P ) are meaxsured digital ly by Samipl ing

with ali anialog-to-digi I.al Conver'ter (ADCnt) the 1 inearly detected receivedl

si gila I vol tage Squairinig oI tilec voltages to ()Obt a ii power andl avceraginlg

01 thle po'xcr is done dligitlily ill real ti mc inl a general purpose digital

At ti s pfi. , a colimnen I oil t.he in1cas ureilicilt OI r'Aciai rawuge , ,i is

in1 01(1ci' Ior a hard radca. tIa rge t , and lat a radar 1'cj -uencv' wellI above

the p a sinia I yeqcue'ney of 1. le iono sp he re, %%'here thle gro up vel ociaty is 2very

close to the velocity 01 ight , the range call be iiiCaScd by sinp1. incas-

uinig tle1w timen del1ay bet weenl the lead ing edge o I the trPanisit ted pul1se

andl~ tit leading edge A1 the target, [or this situatin

where I is liine de lay , and thle lad or o 1 2 accounts i.or 1 lie two-way

proplaga t ion pili. 10] a Sc) it'' ( dist ri but ed" target such as tile ionlo-

s;phere2 or all ion izied cl oud1, thle rct uriiecl enlergy represenits thle Conivolu-

t ifon 01 t ie h iO ialiiii it1.edl j)ll SeC with 111 1 li1lage'. A s impl e cal cul atii oi oi

t Iiis case sosthat A lie, range to the Cenlter' oA a (list rihu"ted target

sy llune t rli ci rlnge i s g iven1 by Tte I in1c (de 1 ay I I'0111 t Ie Cene of11 tr lie

tI F'aiIn t ed pulIse t o I h' Celltor o Ili lae trget. Thlus Lcj. (5) MUSt be

1111(1itio foi-0' ilcolel'nt scatllcr ncsi'ietsto be

C

whiere sthlet" 11i'aili t t ccl pi se 1 eiigti1.



1%' cani now -summarize thu( power21 pr1ofile carmntssf1lo.

Thle rece ived signal is I1 nearly. detected and Sampled by an ADlC at unli-

forml intervals~ ( 3( Or 60 Ls for our sys tcml) during the nt erpulse period.

']hle Samipl ed Volt ages are fed into a co)mpuLt(:']' where' thlcy 1r0sqaedt

giethe P) ' s ; j i -, the indeX2. inid icat ing the radar ra lige at wh ich thle
a

-- alile va t~kcl.1 0' 2,IIIjthe 1) ' S itrom1 ma,11ny col-eent ive illter'pUlse

periods are averaged] to giv\e 1) s.ThenI P anId P ar'e calclateId by.N

averaging the P .s Over the ranlge intervals where tbe Calibrate pulse
j

is injected and Over the intervals, where 110 iI2COliC1'lit, scat ter' signal

exists , respect Next the P ) for- each j are Computed, according

to Eq.j (4). 11-011 thle P 'sand11( R'S cal cula te~l as i 12(1icat ed by;(]. (6),

thoe r~tw (hels itv N Isa .culal e,1L111d by3 using hE .( J . 'hien , when the tern1-

peni t urus , 'I Cand 'I 1 have eciclot detrmined ((1 SCISSe(hd inl the( ne0Xt sc~tionl)

(2 2

N N N(l 1 , 1 'Q)(i + a )/2 (7)

Tihe tem inS 1 pare.llt heses indicate how the Scat teing Cr~oss s-ct ionl Changes

wVith clhidlges inl a and TI

l1iiis met hloui assumes that one has very accurate knowledge of the radar

syst em paramet er(21s that go into (2 e System Constant, C ,and t hat these

parameII(tlS (rs d 1101 changI- e Or are~ conit inious ly measurable during the Course

of ai dat ni rn anid f rom day to day and month to month. Ill pr'act ice, we

have found it i - cas ier and more aCCura',te to obtaill the Shape of the

dens ity profile as discussed above but to nor-malize the maximum density

to the density inidicated by measuring f F2 with anl ionosonide.
0

10



13 'I t211)(2 ]-'lI tl U'(2 MealS Isu i l e 11

1. Background

'11hc spect rumi Of thle inlcohierent bauk.-;ca tte] s ignal is oI gl'ea

j 111ocw ta 11 ce beuca us ( i t Collt a1 iiS 111l th11e in1 t o1rm1a,1 1i011 011 (2 1 C t I'M 1 111 d i 0 11

temper'atures. TIhese temlpuratus are of intecrest in t huel x'~es , anld

they aIre al so necessary ibr prprcoDIJut at iOn 01' eI cutlro dji is r

files [E>.I. (2)].

Yi~guru 2 shows the 51)ect rum (that is, the rut uriiud powur] ))(,I

unlit bandwVitj t plo0t Cd aS a funelt ion Of I)oppjler1j Sh i t) of the incohi'uii t

scat ter signal for' a tinsiiit ted Irequency of 1290 M11Z. 'The hal Ise1

trum is shown here , -with the ot a- s pect rum being s;ynlmutvric around ze~ro

Doppler shift1 ill the absenQlce of inospheric drillts Or Curi'ejlt 5. A] 5o

ShIownl ill thiS figure' are' the effcts; on the spdrmsaeOf var i'Jous

electron-to-ion temperature ratios, T As T inraethe 'ig

of the spect ruml becomes mjore(. pronounl~ce-d. rlhicreforc, a pract ical way of

estimating T'Y is bymca -urlng thec rat io of power ( wing)/power ( center

i recjuency,,

o 0.2
T. j=

048

FREQUENCY- kHz

FIGURE 2 CALCU)LAT-D INCOHERENT-SCATTER IONIC SPECTRA
kD 0, 0' IONS, T,- 825'K, T,/T, VARYING



1 in i'ii erH.LtUIu Call a 1 o I. duducudl I row the Inea.1sured "I C I

igux xn the el ledt onl 1011 spi4ct riv ol ilICletaiLing 1wii e~i

'II iXed Ii iIleaSiluing IWO jlaraMI;ItceiL 0I tilt sjieCtr~i'u, Say 1i'.ik-to-

v'al laeV li 1~ llidw (Ilt h , one canI tMCorlt ji i11 solve lol. t I" .0 ") qulit i i ic 5

ol in urcs , I '1 '

o 02 - .: 2 0

01

Li

0 HRLQULNCY -- i

FICURL 3 CALCULAl LD INCOIfR[Ni -SCA1ILR IONIC

XL[G1 RA kO - 0, 0' IONS, 1,/1, 20, 1.
VA AR YI N G

III 1'ld~t 1C, ad! t 1)Irtluarl at our 23-cm waveluItiglii , an

adldii.onal conupi jat ion arises. Thue rli4,' (0) oI the !)ubye length,

ED 691 A 1 1,to ilhe ol~w].t jug wavelength ailects th-' shape, 01

thle sec t rum as well as the bac kscic cros selC~ ct1i on, an (Ii csC sed

earlier. Figure 1 shows the celeCt Oil Ilhu spectrJum ol chaniging a0b

\VaV\1ng N but l eavin ~g thle ioll ad ( elect roll1dp xiL~ UnCI a ilge~dl

Noti1ce tha botIho th 1le handid(W11th~ and 1.he 1)1 8k-i o-valle; rati ol Mv 1 h

s peetru i arei l a Iic ed . TIhe ef fec 1 on thle scat t Cl'i 1.g dOMS ',Ct ion Caill

also In seeni S ~ince the cross section1 is propo~ri jona 1 to thle ared ividoi'

the spectruam, as 5 i ncrea ses , the cross sect in can be seen to ( decrease.



04 oo

Te/T, 2
0.3-

0

0. -a 0.15 (N 1012 e/m3),

0

0 5 10 15 20 25
FREQUENCY -kHZ

FIGURE 4 CALCULAl ED INCOHERENT-SCATTER IONIC
SPEC1RA 0* IONS 1, 800 K, T, T IT 2, kD
VAR3YING

At thi1 pojint wu can sunmarize by 1list ing thle three phiys ical

quIr~llit i! 111.tht atffect t he shaipe of the incohicrent scat ter spectra,:

1 elecCt r,) 1 ompoat t1Lre(; (2) ionl ti2mperaC',tU1C ur ad (:3) 0cec troll (10115ity.

If one( of thesce qu~ult ii s is known, the Other two) canl be 0d-duced , but

because of the ,ii complex Int errol at ion,;h ips , all three cannot be ex-

1)01'iment ally N dedUce(d il'rom spoot-l um eaSurc'monlts alone c For example

11h0 chan1ge inl t he spool11 rmS111,11p duo to chan11ging N in Figure 4 can be

2. 1Inst ruinental Lflects

Proper ioa. ulremont and analysis of the spectra is necessary

i or correct i I erpret at ion Of ionospheric densit ies ;.1( temperatures.

TIwo princ ipal I actors complicate the measurement: ( 1/ the signal-to-

no0iS so'rat io is low--very.N oftenl leIss than1 unlity;' a(id (2) the measuring



syste itsl (tranlsmlitter, receiver, and digital processor) distorts

the spe~ctruml. LOW signal-to-noise ratios limit the accuracy and height

regime over which measurements can be, made and lead to the use of rela-

tively long integration times (minutes to tens of minui Cs). Th'le effects

o~f the meaC surinlg system Onl the spectrum canl be calculated and then cor-

rectedl for in pi)l'0C'-:s~ng the data. flowever, tho meaisureent accuracy

i s s-,ome(what reduced, s ilICe, aIs Will be poAInted out l ater , the equip-

lielA I hcts aIre Such as to make the inferred parameters 'Yand T.

iiioriJSAS .1 I to)err in spectral shape determination.

Le- uHuOW br'iefly discus's the efi ects of' the measuring instru-

iiioiit (ia plse,,(d 1:1(1 a] sys toi) onl the measurement. In the dIiscuss ion weI

ma ,ke ueOf tlle, fact thatt 1multi p1icl 1011 0. tWO fUnct iOns in. the time1(

( frequency) dolml !,- is qulivalen2t to con1volution1 Of the ir Fourier tranis-

1021w; in t he lroqu ne-j1y (1.ilw) dominil. L et us represent the power spc-

1, i., the. I oppl j erSilit freuenL0cy. iis is the inc,)hurent scattter spec-

truiii that Wi Uld J.reu 11 the- mea--,suring equ4ij 1ment did viet perturb the

sigra I; I I i hito CjU ni A0ons 1' calclating S( 1) hatve been given inl a pre-

v iou:; reor , arn I 1ue 2 , "', ailld 4 r somec rep~resentativye plots

ol S( I )vs,. I .]'H Ie quanIIt fly "-(J) j!:; the spe(,ctr'um thatt would result f rom

the s catL ei ng, by 1. li p1 a sia cii a tp wc I l 1y pule (3W signll~l

Since I;l :d Jadar I used Ii]ouY OIttaeeet ,Which meanUs

V/(. t iaiisiiiij I~o 'ti 1 sng e requency but I ban1d of feunisthe fILuc-

t uaLitit~ s *cIumS( ) m1ciS0:li cI(, VUHV1Ved wi JtI' the(, po1 wrsp~ectrum1 of the

1 lal: ii II ted )U 11(1C 'Iiie c.sl L. Of till i )ni 1 ut ion opera 01%t i on i'tit'e SentS

thle of' 1u11n the imC, ,coeji ,;scatter s Igit at the- receiving antenna

1 o21i111 11a 1:. 1o 1eo I 1 i 11 tc p~- I~o Spec tii of11 t I e, t I.an1suiul. t ted Iluls e by

thiec I; a; te(f.. i ldIeC: ,L::; thi'- Coivol ut loll 0)il't loll



'The signal S (i) then passes vhl'ough the rcceiver chain, includ-

ing several amplifiers, mixers, and filters which have bandpass character-

istics that affect the signal, Letting the frequency response curve of

the receiver chain be represented by 13( ), tle signal, S.( f), .lter

passing through the receivers, is related to S (fI) by

s (i) = s (f)B(f) (9)

Next the signal is range-gaved to obtain spectra at a number of

radar ranges (iOnlosphlriC heigl ts h '""o -. ati. nrocesscan ie

represented in the time domain by multiplication of the signal by the

gating waveform (a square pulse). 'Ihis is equivalent in the frequ('lcy

domain to convolving S'( f) with the Fourier transform, G(f), of th-

autocorrelation 1unction of the square pulse. This operation gives

S3 (i f S, (f) *~ G(f) ,(o

where S3 (f) is the incoherent scatter spectrum, perturbed by the measur-

ing instrument, which is measured by the radar system.

The sequence of operations described aboce is indicated graphi-

cally in Figure 5. Equivalent operations in both the time (aulocorrela-

tion) domain and the frequency (power spectrum) domain are shown. Pass-

ing from one side to the other of the dushed vertical line indicates

using tile Fourier transform.

Figure 6 is an example of the effect on the spectrum of a finite

pulse length and a receiver range gate. For this figure the receiver

bandpass has been assumed to be flat. Notice that the greatest change

is in the peak-to-valley ratio, which is closely related to T /T. Also

15

i

' ' I I I I "I i I " I



FOURIER

FREQUENCY DOMAIN TRANSFORM TIME DOMAIN
(Power spectra )(Aulocor relation functions

FLUCTUATION

SPECTRUM f)st

TERMPULSE

SPETRUCATRT

SPECTRUM CHAIN)

SETUAFIGRE PCRMPRuBJ LC IGA

RECEIER C AIN S( f (1t



0.4

TC/T, I

0.3 Sf)a <<I

i S' f) PW = 360Opis
w Rc' 0 L
0

> 0 2

53 ( f)
ui

0

0 5 10 15 20 25 30
FREQUENCY -kHz

FIGURE 6 CALCULATED) INCOHLRENT-SCATTLR SPECTRA, SHOWING EFFECT
OF FINITE PULSE WIDTH AND RECEIVER RANGE GATING

changes inl tile peak-to-val icy ratio) for a givenl Change in 'I /'I' arc no0t

as great, ica ding. to reduced ability to detect small changes inl T /T.

and thuis somlewhat reduced accurdicv 1If the spectrial pert urbat ions (us-

CUSSed ill thiiis Sct ll were riot all1owed for inl the dat a proces tulg anid

anlaly3Si s, one( \','ould un11dorcstima'te ' 1 anld Ovcrcstimat.e 'I

3. 1nt erpmel at ionl for a =0

As meri oned earl icr, the parameteris T T.I, and N , as well as

thle pulse lenigth, T , anld theC range gate wvidth, w , all afIfect the Shapc

of thie measured spectnra, (f). Thrlioughiout a dat a run T and w rema in

fixed and canl be accountedI for inl the computat ion of thle theoretical

spect ral. Shapes; usedl for comparison withi measurementll L'et us for thc(-

moment assume that N is very large such that a r 0 ari see how one thein

17



interprets the data to obtain T and T i. Later we will show how smaller

9
densities (larger a- are accounted for in the interpretation of the

meas urement s.

One way o-' ubtaining T and 'Ti Jro a measurod spectrum woulde i

be to precomlpute and store in a library in a computer a vast number of

theoretical spectra, f or many values of "' and 'I . The spectra so coli-

puted and stored would include the perturbations due to the pulse length

and range gate. Then one could have the computer compare the measured

spectrum with the lihrary of computed spectra and, through somce bet-fil

procedure. decide which com .o) inl'.i.io! o,)f 'f Iad 'I beet matced the data.

This technique would require a considerably larger computer than we have

available with our radar system.

Ali alternative method, the one actually Lsed, requires Illuch

less computer time. and storage. it involves scaling two easily identi-

fiable features, the peak-to-valley ratio (PV) and the bandwidth (BW),

from the eicasured spectra, and using what we call a sI)ectruLm scaling

chart to interpret these paramcteis in terms (A 'I and T . '1iis call be
r

done easily and quickly in our computer. F'igures 7 through 10 show the

spectrum scalillg charts used for our system. 'They \wore pepared for the

four most commonly used combinations of pulse width and range gate width:

T = 360 is and w - 2,10 , 300, 320, 400 s. f1rom any measured SpecICtrum,

the computer determines the peak-to-valley ratio (the ratio of the plower

at the peak of the spectrum to that at the cenl' r frequelcy) and the batnd-.

width (the frequency difference measured from zero Dopp]cr shift to the

frequency at which the spectral energy has fallen by 3 dH relative to the

peak energy) . With these two values as abscissa and ordinate of the

scaling chart, the computer then determines, from the skewed grid, $ and

Ti; ' is just the tempcerature ratio, 'I /T , which is inlerred ulIder the
1C 22

assumI)tion Ce 0.

18 i
I



I
I I I (\J

0:

CN

o II

0

0

E
U

cr)

LL <

I- U

0) -
U/)

cc

U-j

F-

u

< 0~

V) U)

< LL)

U) U)

N i-
.4 >~ co

-J0
() N uL

U)~ ,31lA 1X~



0 0I

f0 (

00

00

0 0=

0

0 
-

0--- <1

07

U)

Li

U)

LiJ
,0 < , = H

:i I , -H

UU

I-
w

Li

20:



a))

0 I0

CE

8 ci,

0 -0

00
U)

ci

(NJJ

0 0
<'I

0

o o

CO)
clj C~jw

cli N

011V k3-1VA j )4(/ L



CN

0 L

0l CN

'4'

CE

o 0 0
4L

cli ci c1

011'vb~C- A3U)V 1 A



. Interpretat ion 10]' Cr < 1.

Now let uIS re~lx the veQStvi ct ion We pre'Viously Nj a)zced 01 N 1nd(

thu l onJ We let N a 55U11I() it-, 1)1'01(21'a ,1,(1, anld thus, a will be nlon-

Ze ]'0. 3e vtq u il2 Vt' 1N oId \ r * i is is a rea 50111)1 ' Vt requil lilt 811(1 wil1l

hold( t.rue. thxroughout 1:os't o.) the i onospheve . A s ar > 1 , thle chiaractler

01 thev spulct r ch aliges 11i thet ditlCij Sca lv

d i sappea r.

Tlw terns in th 11uC (21. ionl descib ing thei oliierei 1 scal ter.

S Pe tI'll rum *( so 7' a ' that IlK. 5))Ct:al sha~pe depeinds oil aill thle

S 8111t'2 way s okedi11t i t IIC I OI T /T, Mo r1r f j- t e IC

v a 1LI ue01 Ie leck21t-io 8.(r 181.ti 111ad Ilie I i etit ioLUs 281. i 0

ti1. WO ul (1ca use the am11C' Slla ped SpeUCtl. rum it C1 8we Ye ;-.4ro, t lieII

This1 Canl be(. -eell bv exama flling', the equl lion for I he balckseat tei spect.ruinl.

Ii'om Vin 1 'eport 2 L p. 10, Eq. ( i1131 we Canl write t1uC deiiomniialor

Wl ilt' c(ji loll 101' tile backscat tel' spectrum. ( The inera 1.01't~l doetS 1101

depend oil T 1or') -, o1 V Oil T1 , 111d Il 11 s 1101 ClI aliged( byN clialig ilg T'1'

a I vom FI (j ( I1 13 anid assum11ingl' s i it"Igv clia rgedi ins so t Ilat I /zI

the de2liliinator, (1, is

Thei l i-; 1.01(1 11(1 a k' ( b\ (I a silt)s ill pair ll est's det ermi lit) tIle Ii'tequieie (it'-

peililee 1C 81( ar V t) 118 aleced I)(1 Thy or 0''. us 1 In q. ( 11 ill

Eq. (12) %c get

s)~~~~~~~ -1- r~-----i2 ( --------- I
2 31



andf t hen, col lfi ig terims,

'11iW, We Cd11i SUe that tilte deIiiiiiinito. lids 1the same Iori Ioi'

and~ 0) 'u, dit (1,)es 101. tle real Jr andl li 1 wleilal -' , ill

data1eIl~ n It) USe OIIIN v k oeSIW CtYM onS*calling C1hil t (tile did rt. Ioi'

0' (), A the i t hill se-ii t calilig Chiarts dept' 'iidIg Oil tilie l ocal1 elect roni

(ICW-511 I t COCII altitu~dle.

,11 li miagliit ~dl 01 tilt' dciii ) I I1)Y JS t iCaedCC b)y ( 1 2

thuls Yedu~C in1 ; 1W lie ttl )pY~ceI ill the sped ion by 1t li Same 1 actor. 11il,

coiielus ionl is veril id Iy iile It lug 11lk2 cqth~ti l I'll1 i thek stcat terlig

liill. is the class.,iea1 radar dcoss, ,ecl loll ol a Sinigle elloii

0

(16

W11 i el illnshw thle tc el'ed power( edulced by I he 1 act or 1 i
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1

.

I
Now vc can define an it(. :alivc procedure to dCterm.Ilne '1 '1

and N, given T., , and N , the raw d, ns ity deduced irom th, power prolile
i '2

under the assumptions '1 1, a = 0. The parameters o interest are
3.

iliterrel.tcd in the tallow ing ways:

1 ' alia 5 arc functions of PV and IW as Obtained from

the spectrum scAilug chart for a 0.

(2) ", = ( (17)

(3) 02 = 1. 1'. X 10oY /N. (S
e

(,I N [N' 1 2)a2(l )2 (n)

'lhe lact or () 2 ill (l results from the assunlotion 'I , =0

used in calculating N .'11C p)rOCessing l'oce.dure is as follows:

(iven " MeaSUl'2d parlmeteol's N PV, alld 1W

edu'e: 5, 'I from spectrum scaling chart

Initially: a 0
\

:stimac: T from E,"q. (17)

N from lq. ( 19

Calculate: 0 from Eq. (18

Next: ecalculate Ie, N, and ci-, and iterate around

these three equations [(17), (18) , and (19)]
ultii a collsistellt solution is obtained.

In practice, the iterat ion is continued until both 'I and N
C

change by less than 1 percent. This usually takes less than five

i tOra t iolns.

25

zI
, ' ' , " i I



c. ASsumptII ionlS, I iui~rpo)at ions , mid Extrapolations

Oil(- 855-LII])t lou ha. iC 1J1) U10~ W11010 alalyS S 1)I'oC((L~rC is that (Anly

Oui 5)(e lo lu, luairicly () , is 1)reciclt iii thQ ionlospheric heigiht

ru(.g Iiliii over whiIclh We are p)1obi jug. T1his Js p)robably a good asv' unipt ioln

over1 1 tlie Ighi ~t rug'il %011 i cr our radar is capab i of ra kinig set

111Ca: l 1Ciilit.-; (200 1to 550 km ) , part iculatrly at OUP111( lit i tU(I I ca t ion

at the pru'suuit I fill(' 11Ci1' ';Ll,'))Ot 1iiaXililUIII. '111il IWCU!JCQ (J OtlicAr ions.",

No or 0 at IM owitltL(IUj anld HC' 01- 11 at high altituokd's , woulld Hlot

Ig I i IIc:t I 1y h lIII' (' t' sat te I 1' Ci cross muctionI.I 'Jlic-j'cloreu tlinp

pz'oi I I iiu-'i;u z'uz)I(IcIt 01 raw duo i ty J.s not a iicct'd . Ijowcvur, - iglz 111cau t

alwllt is ( >10 0 oui ')o Ot1IC' ilui Would makel fJ iiCut thU izlic0iuz I

NC8 ttu'F~ 41H-CO'Llill. 'liC' ol ct c"' mupu AM t 11 2101 C cius has Quil dlqi

cu db.y NMooiC'01o tI. 101' ally 5 inui Spec its, tin b511a! of tlu sJ)('tI111

1o18 is 'SSel 1 c!vcii11YU ulia zig~ i , wi iii thu w idtih of1li th -)C1J'11j1 hiu I ig III-

var5t~30opi t 1 on:' I I '- the' rja' out 01 thu- io01 as 101- U uliiXtUM'

of i(111, 1thuc sP;i-tral sAhape 1)(Wv (luj.1illS oil thu(, rulativoudac' of thu

Our a: swllIm.1 Jo01 011 olyr ( 0 (1: lo tug )A lic sCIlt May uuIIdQr Cur La ili col-

d-1 t.mu MYn Wua urr) c'IlII thu dcdud llp'r tu at both high ail ) 'w

alLI Luwh:: At thu, hi a] ttdut, ,1 ii giltot' J0o0, WAUr JOOit11 0' I1

WIIIld( lp-' wildt't't'1,IIai~td al oui' 'I I~w dAUJ Wi ovM'i'uu 1Huiitu. At MoY

a IHiIl lu ., 1 h'1 ill'' I I'jaLI j V t 1 01w; wiulon jiliclit, Wc wo)ul d Lkg: lIii Ui(iu' iat(

Awntli''j' Ui-1,li1iI01'1M U:A'd III thi' datia J)'~~i t; that no oioji'r

d Hi It Lri1' c ti-'ii t:. itIi',-I i-eit I'~l d. 21 ( J. Is w' u z' tit, b oh I c

vl' 'I.i'l t L tI I le' W' 0 Ll II d i C11 ( l I Iu- or a -yizi .' t Iue t wj' 1) ( L)I , II U If-- muuLt: u I(d

-jlti I': III 1h"i l''usiltu'o, du hie Si~f- Lj~ aleU 101ldud abhOLtfl I hal'j

t10111 01J VARY1"' ) iIlX~A L1lo UIV bazl1dildth~. 1'11 1;i: iideLIM to)II Jliii ' 11h2

26'



signal-to-noise ratio and thus improve measurement accuracy. But this

procedlure masks any shifts or asymmetries that might be present. A-

tempts have- been made to detect these drifts and currents. No currents

(spectral asymmetries) have been found. Smnall drifts (spectral shifts)

have been found. 'thiese, shifts, when they are present, are of the order

of l1t0 to 300 lIz ( 11. 5 to 31. 5 Wvs). Their effects on the templlera tuLre s

inf erred , assumlling zero drift, are very small. The measured bandwidth

is not changed, but the mleasured pe-ak-to-valle-y ratio is s;lightly under-

cstaiiated, l eading to slight underestimates of T and overestimates of

'I . .Ii errors- in inferred tm raueintroduced by d.-ifts of 20 nvs

are less, thani 5 ]ierc it.

~~i ~ WO IS Ua1iilaIi'(111iients alecOrforned only at e iglht discrete hecight's-

generallIy 200 , 250 , 300o, 35, 400, 450, 500, anid 550 km-i-while raw density

mea u ''in i tsare 1inadu every lo-w kilooiter s between roughly 150 and 900 k.11

In oidrto Ca (:Ui at(' true duniins Ie- between altitudes at which spectra

t l atumu 's) are available, thle I. mipratures are linearly interpolated

1)(! tv/ecu tlie ii'ued (ata po its . 'Ilin, by using the in1terpolated tempe)(ra-

ufsand 1. V lie rLw dist y , UP- true, density can be(. c'ompu ted by using

Eqj. (7).

liv. d('ui8 I ty IM'; :; IS~'(2liiei t, Ca c )(- teli (le ) I OV/(' alti tUid(2 than11 tC111-

hi' I'tL1( 'Aov ina)m'i~ns. 10!rceived jwwur it; 15 iias-ure.dcv4OVOy 4.5 kiii

but the(- spe a iiaueu i,; is iad viiliiii a, IoLAtVelY 4011g 1%UlgQ galte

(3W to 690 kii) , Jt 0 couiofn ho, j ti-(Un clutter to p0] Itl the NSH~i(CalL

ii~ati''iiii ,lii 1Wnt lii t iiw I tIn raw dpnni y iiesiiuit on xiijl

If L,)ouiiP el it.r te xisted out to a rinW, of 185 Liii th" 5)ioetrwni raulg

cul t et oI,'-d at 200 1k1 wo;uld nild'! -OIPgiuulettt), JIt ox1

11,1d- l:. I l12 Wo 218 Ii. Wu UP' powiY nOMJ I]' ioa iietWould be(,

le:of guouii)ud cJ ti. tue Ji)1 all raug'i. gwiea tha Dlai 5 Lkw. 'J)lie lowes"t

a Illt tt'I ( B ) at VOliWT touiji'aLus t iw~i oiln thud would i"' 250 hii ii)]
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Odm
this case, and some means of extrapolat ing the temperat ures downward to .
185 km is needed in order to obtain true dens it ies from raw denlsities,-

over the lage16 to 250 oin. '[he method employed makes use of the

assumption that the ion and neutral temperatures are eqjual beloW It

-1,10
There is good theoretical evid~ence- that this mlus,-t be the case at

least upl to 2 O lai Th variation of neutral, and] thus ion, temperature

was assumed ',o be of the form adopted in the CII{A 1965 model atmosphere,

'I~ ~ ~ L = ii ~-[1130)] exp [-s(h - -130)] ,(0

where T1 1M0 kill) is taken to ibc 55 ,and the exponent ,sis given thle

value 0.028.

Below It in assumed form for T1 as a function of altitude is al,.-o

needled. 'The assumption, hacked by evidence, that T1 1 at 130 km aind]

below is used, and T r is linearly interpolated between its value at It

and the value 1 at 130 ki~ by using Eqj. (21),

Us;ing tfict se extrapolated] Values- for '1 anld 'T , Canl be compu)Lted and thle

true dens ity then foundo through Eq . ( 7).

At hig ig ltitudes (Ii > 500 km or so) another extrapolation of tem-

1ae2'al ures is leesar since low signal-to-noise raitios limit the upper

a Iti tu(es at which e spectra]l Measu;rement s can be made be fore they limit,

I hi pow-1. pro filu mieasureiients . '[etops ide ext rapolIat ion is based onl the

ahS1iznij on that 'I is eseta yisothlermal above the hiighest a) t itude

(i ) 1 ,lwhich Sp('Ct1% ra are btalled, usually abouAt, 500 km. 'This is to
U

b'' ic clt expected ill the bsnc of' major hecat, sources at or

2H



above these Alt i t ud-s and b)cCause Of thle hligh tlICI-11a1 Iconduct iV i tyV Of

the gas. Ani add i t ion 18 as 'ul)t ionl USed isn thlat 'T Var-ieS linlearly.N 11'o1

its T1eqasure1'd value'- at 1% to 1.0 at i = 800 kin and that it is equLal toI

ItI

u rU U 0 tu

I,() > boo ,I4

whlen, u is, til~e ujpperl~ost :a itit wIe1 at Wh iCi t1C emra1urs re Inca surd,

and all a it it des . e in kilomietIers . Wi th tIlecse ext rapl)ated t ellupera-

trethe raw densi ty given by tile pow)\er pro'ile mlcasur~eent is thenl

COI FeCtC1 by' u1sing ECJ. (7) to obtain true dlensity,
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(1' calibljIioat I0 qipllI.enI, (5) analog-to-digital conve2rsion, (6' (igi ta 7

alito cy re 1,a tor, anad (7" colliotel . Suve i' l mod iIi eaLi ons a ad -I((1 it Io

hIave2 IXeen1 made11 to th(.e S5y :tell dullillg tlelC styer ThiS seCtionl deCscribes

the(- 1Kw e ipien and t lie new eonig u rat i:I11 01 CXi S ilng eq 01 iIwA1-1 I IH l-

1)1em aedChlin~t IeI IIS I, er Table 1 re(viewVs theraa 'syst2

pa rallic te 1,s

A. R12eCeiV !ng al11I Cal ibhyationl Sy'stem1

ii oryderi to ma leli the. I i nal 11 1ieqluency 01 the i eele ye %: to tli(e

(I ig ital t ocore -MaOI-2 tOY )Saiiipl 1 ag freqIluncy, several ehligeL -s have been1 made.

ill the(- reeciv -loeal oscillatoy eliaiii . ligure 11 is a liock di agrai (II

tIe ec y] e Cloin . TheC Sigiia 1, adIt(-'I'ec Qjt ion by the li e aa ,113sse s

tlllyo)lghl a di ice Li oil eoul el' I, (1111)1XI- -eer~ anCeOnl di le-C Li (I1lIi coUpi ci

huiore untciig the(. paralictr ic atpl iiurs . The( twoi Cli]Ct ioll eoLi)1 (-1'

arye used to inlsct tcalibr]a tion signal s as required . (Thile (c1 aI i ) a t i onl

signlA s areceollsidlereu furlther 1111cr.) Two parameitric ,-lp] ji icrs are

0
(2'35C3l()(l inl seie(s, reCSUIlting 11 al Llit0 E\ Sy'Stem1 no(ise tU1lI)-llAUC, Wi tli

the pa -- lmps ope-ratedl at ro0om1 telnpe'atr ic (ot cool cd) .AlI icr, thle pa r1'lli)s,

the p~ower 5s spi P1 1 31 tnvuels (101(1 t.V w I' i- amlili i cheia i as one- 1())

thein 'm 1 ii-1 e (ilt 1C~ omipo flenit of tli t i illcooue a lt tt'2) s'51gii 11 a 11

oneQ ioi' theIC ll~l-ln Com~ponenit, whiii 1'ct(ll-t1 i Por th(le ioliosplle]'

1 req Uiclicy -i l u d I 1'0ll I.lle t P11n11 I it 1 col I reqUCIIey by' t liel 15111 1rq(U'I

Foeus ing onulie 1101.ina I ehl nn (i'iglit -lialld Sid (It olFiguo- e I), we see
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DASA RIAAG SYSTE;M PAILA.\lE'~TES

paIt lq A~nsic nr t N ia (It

Tr anasit I 1 ruq I cnc y 1 280 - 1 300 All z 3 290 AIH/,'

'Tran1s.1i i Power (Uuh -5 MW 4 MWV

IM Ly Cy Il u (mlrax . ) 2 T,

i,.j(.(I I vIi t P(I a I za t I I it

Ant iclila II) i i(: t,(- r 88 f t

Ani Lunill Ap (r tui 1ic 38(0 mi 2

An tcnna (;I ini 47 .1 d(B

Sytun Wsc ''ria tLa 1 3 10 EK

Ini c Viigl 3-50o -.s 3G0 Ii s
Muicci Vel \Iil k]unl\. ilthI 1-20() 1klz 32 llz

13 ive] 11, Ha n(dih -,30( MJIz' 50)1 Idl/.

t hat tin( )J signal at 3290 M&z is mixed with 2320.425 Mhfz Uto obtain

all 1 ~~iCi 0 :,,).12,- Mtz, wh ichi is then] pretaiiipli ieid. SO tarl, all thc

muixinlg anda anp1i lying Wl ilc signal is on ioin 1 I& toYI(2 tiibt' OJ the, anl-

tunna o, as io; as; po Ssihi c' to thu(- anuiiiia Iced. Th(t,0 10A-)-Mhfz IF i.s-

then Senft JIOM the, to)'(I1.(- Liilit to thit eqijOIpiuit- l Von, whero it i s again

III i x d , t Is, tim. v I I I at .10 -Ml 1/ s i gnalt to uto.tain a 1235-h1-1iz I I' Al ter

'1i11))l ii I I(at] on, tli: H ignal s1+1 j i's 11)0 two Chianl~ s . oil(- ann- passes

lii ioagli ani adjuistable b~ anidt h Jii r and i. flh(;. 3 iiarly detecttd.

TJhis 5 tlan ii', af Lo-Y aiizi g- to-diigitaJ coulVt]5ion, 5(1)1) ius thei power' pro-

i lu dana to thu tdigital wi'cu trwhich passus it On U)i the COMl-

p0 tel, 'Ji h'SL~UUIi 12.-Lhlz IF chaiiiil is ixed wi tii a 500-1,11z signal to

obtai In a 75-1.HA IF v igna.1, vii jli i n oiiif i JI cil, bandpass i jIttrc-d to a

bo)all-d h of 0 50 ;lfz, andii saiuiil id by a notliii ADC . Thiis chiane 1W]5 istse

8 inputto the d1 Iigit11al looliio and cariic- all the- spct) inl-
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Ik>7 tiltw nin 2 Zo.%U tt pl asmia 1 ink chain jllt-hilaiid o1 [igurt 11

mixing I Icquulcly is suluctcil by tilt up, 18101 so as to bt. 01 1sut I loll'

33J20 . 1 2.7 Mil/.1) by t 8J 4 approxima1181 pla sma I Ituj tc V0 of t I laytV 1 Tlht-

1)1110 ld I u'.lic It (S Wi %k I1 ccli ttcrtd a1t :Wu.4123 Mil, wlctY I is tht- 1aIia

A Ic~1Ilc I. A L rc I' 8s5 I l1g I 1.(::i tlit toiqilt 1ub Ibc t ilt- van, tht-i SI g11ll 1 1

ampl1iliu ani 811 1)11(1 1111t- vI t a 40110. hanu (idt and( Ilixti wi Ili 27.9~75 Milz

to obt.a in a sigiia 1l at1 2.3 2 MllW' *wl Ci ail loi bt Vjdt-0tIK pt Ccoi'dtd.

Al 1cl oscillator litllt'ius, tcupt tilt last on-Ili ilitA plasia

1lIlit tllaiil, art (t 1vc lroiii: Irtquicy synt
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I rc-qiltmt stall(Ihll~l. 'll cloth pIilsus ilscd by Wil digital autocoimlator

and( t ilt--1. iggtiF JOY t l~t ADCs art dvcli \ti I loi til- sallnt_ I .ilicy standard.(

Proi'olsionls lor insli n ll i tilil 8 1111 sud OV cal ibiil loll signal or a1

1)1.1Stjd 1101 sour",1C cal rbral ol si gnal aritc ivitlu(dtc ill lit- ciVtVss

t1_). . 'I'lit CW cal ib a111I i- Sp 1 vi dud by a s ign1al gclc ra tor I ota td ill lilt.

vanl, icliici is continuu 1110(51V 111811 ill I ltui(cy 811( Con~tinultously adjust51-

abl t(- ill 81111)lit toc . Tis s 51p, 1: is i 10suitu thr1 i oughl n WWI - 1 i ct i 081

coulllt illmllii ittI following flit alnlLn 11a8n1( is 1.15( lol' miaki ng friv-

(jotlcV itvlonu lit a8lin, amul loss Inc asurucilt ii thouighout tilt- it C i Vt I

systail . It IS 110t ist~i 101 coIntinutous cal ibrati101 ol 1. lt SySitli durling

tlilt, ColA su 01 a data I-till, S 111cc Ii. ut si gnal gucr a 101 IrcitIllcy stUabil ity

is11 lit skii C it-lit to h ccp it 1Wi lii tilt 50- kilz band for miorc rthan8 a fcwv

(_'ls of -;Scollds ithout11(1 Colist ailt i tilili g.
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ill fin 1011 O tt iparamps, is (lscu to cont inu(ously cal ibrate and( monitor
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Vst iii usc's a br'oadband11i ltol 1101u St 5 r1c (noi st tump 18(1 tu 18, 0000 i



Lii
0. c

(D

cn 0

U oU
0H

ccI

C 0)

0

CC
H-'V4

oL

)0 0 00

35



digitally controlled diode switches, and calibrated attenuators to enable

any of four selectable amplitudes of wideband pulsedt noise to be injected

into the ruceiver chain. With this system, the four' equivdlent noise tern-

peratures thac can be used are, 700 350 17.5, and 8.75 0 K, after taking

into aCCOtiIIt app roxinintuliy I (II ol loss introduced by eachi diode swi tch.

Atteuuat ion commantds iiid st robe are suppl iedI ty the compu ter.* The

gate' suppl ies pullsed fliodulation of the injected noise once per interpulse

period. The gat ing waveform is stippl jed by the radar synchronizer and

genera telt by) count ing down the denUs ity channel ADC trigger pulses to

ensure that it always occurs ir the samne posit ion during the ilnterpulse

Pe riod. The counltdown Circuits are SO) arranged that the gating waveform

alwaysi occurs during the last sixteen c-,t \he 192 samples taken by the ADC.

B3. Analog-to-Digital Conversion Equipment

Two ADCs are used with the system, one to dligitize the detected

vidleo signal and one to digitize the 75-kIz IF signal.

Thu (densi ty channel (detected video) dIata are dIigitized by an

Adcom 208C unipolar ADC. This unit is capable of cigitiz--ition speeds up

to 100,000 samples pci' second and has 8-bit resolution; that is, the

signal is quantized into 256 discrete values. Sample triggers for it
are generated in the Adcom computer interface and occur at either 30- or

60-4is intervals, selectable by the operator. The first sample trigger

occurs at an operator- selected delay past the leading edge of thqu trans-

mitted pulse; 192 samples are taken during each interpulse period.

Figure 13 shows the sample timing; UTE is the "delay time end," the time

at which the first sample is taken. Equation (26) may be used to calculate

the apparent radar range to the position of the first sample, with DN

36



r IRI

192 TRIGGERS

TRANSMIT
PULSE ~~b -30bp

DTE TIN

FIGURE 13 DENSITY CHANNEL SAMPLE TIMING

l I itII(, )C st, inato t lie thllI\\h'.il s%%itchus iisCu to Counit dimi\ 1

1)11 Kk1il. 33- 2 0 IN - 1, 26

D~urin g tilO last sixteuei o1 thc 192 snMI)pls, tie pulsed nuise cal ibration

siglIal is 1) ec~tli I Th jt)sixteenl samples ill i PunIt of the call ihr~t lull pul SC

are generally uisedi to estimate tle asln oise level, P .Digitall

ilumburle s pr oIucu(I by t he AIDC ar Pfed( into t he XI)S 9:30 comipulterP alfter

r1. 1 ngM tilp-oughl the (jig ital autocoi'el a tor chiass is, which conutrol s p1 ac-

inlg thiLUIflibel~ i's ll ComIpu ter 111(IIIoPV

'The 75-kihz 1F g' a is tiigi t IZet 1)N a PIOeStCll SCinlt ifiC 8500 M's

AbC. This unlit is a 9-bit bipolar (2s complement) converter capable of

opura t itg aIt a m1aximumn s1)00( of 2,50 kitz . The mlost significant 8 bits of

each s-amiple are passed onl to theo, digital autocorrelatoP, Which uIses thII(-i1

inl its 0iltocorrelat ion computatiui., Triggers foi, the Pres ton ADC are

genera ted by the autocorrela tor'. Figure 14 -;hows the 11' chainel sample

timing for a typical operating setup. Nine bursts of samples are taken,

-IIat l'ranes where1 the incoherent scatter signal is present andl one-

at a rangeC where no signal, only re-ceiver noise, is present. 1Each burst

Consists of 2.1 oi 32) samples spaced by 10 a~s for 12). Tbt: delays

RX1l WN, and Jr, are dieterminedi by one- shot mul tivibra tors which the
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operiator may adIjust as requ(jird Thut 11 burst of samleLs cen'Iteredi at h

is used by thu aLuto02)ici ea tor to p1' (11cu the autocorrut'i Lin covffi civnw

for1 ranfgei 1, wi I cl ar1( thun1 passe~d on to the XDS 9:30 c oi)uturi, and1(
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Several al turnativem fo.' mnauriflg the correulation function or I
mpac trumi a ic poss ihi u A hunk of nnalog fii tarm mud Inftoglat) s could

be- irnplonIlted(, Into which the 'anlge-gate 'vevocival niglial could ho played.

Tlhis tijpprofl(c hamsovri N(V!II isnciagus: ( 1) Const riic t ionl of mi1(21 11 I i1

ttl ban)11k Is C XI)HIlq4 1 YE ( 2) tcli y ig Idwitic a 1 ranis i'c~l. hiructe rist ics2

ior ujach Iii toe hI th bunik Is dill Icuit ; (3) 11 Iiev1ing ident icil gains

lIII (211(1I I I tor-i integ I'll 0)1v C111iiiic'l Iis 11lliIost 1.itipops I ble ; anid (.1) Colinpuna 4

tinig for' ionidulun lc il 1 I ci uac tur'isHt 1(28 unleq uaI~~l gins Ini thu&

A s i . 11 xvdI-1' I'(jlI iil alilI op f111(21' Could( be used , a sid he 1-j

c oIIV II.1 ng sitva ollp(t'H SI l l svd it I , on thc r('( i e U'Vli('ll (A i'Llig'- lI lip i '

q lienciy i I tll( rvuc V(I( H Ip ignl I t lgh tw ilE' , I'1 'jiltur T'I' l i 1ppl-miE'l 1ii1.

rij) i vi'tHO 11' d 1g11 unl (O IIIH(E! 'r~l t''Jl I It I LIIL ILpE''l IliH 1&tihl

by lw m lI11'. 1 11at111Y IiE LutoUIn 01 o mpojliti I ilt' P tllu llE y li t ci a 11 Ii

l~t I'tt! A1'(E' l on 'S p iti~iu I ijtuchniqd IN JI'atoEH muwpit, 'i'l rccelv I A111~igl 1111

11( hIht 11"IMtItt i 'ii ~jI J' 3ru m Ih i d'"'I" A = mve1' 111.1'Vi D i Jt'hhE Uioii3IlL'

galu In II' I I mu, al" II ' d ltil IOM MO OI-11 Ilkl t J I'I
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iW u-e1-1a01toll and r'ecordinjg. The recordedi data canl then be processed

very qic(kly (1 amlier llian roal t in ) , sinco thte hulk of the computations

have al reaIdy beeil donev inl real time by the Digital Autocurrula toy

A bloc dJ1 iagra~i'[3 of the inicohi'i'ft scat ter' process ig sys ter is

shIown Uiinl 35. 'I'( 75-1..11/ IV ,'ignal Is f irst, hindl imlite(I to frIequleII-

cie-s 1)41 weenI 50 hll o 101 , 1/allId I lell S1uIJ(Iat a 100- kIlzI'llte. '[hI s

ajll wv-; a 5)- kilz bl i ol I 've(jtio'11( to5 .4 Im. %iiil y/(' allCI ii " a n s I J ()I (Is

the4 50-to-100'idl/. huid Into thc. 0-t)- 50-klt/ i'gimi, It1 is Ilrnpmotint fori

ill(' piesaujill1pi j ill' lildljihsS Il 11 4') ti) halve Very swi IIi'-1so 0hat '5plrlou

I Ie(JIlI('uiy (01141 01(341 Ill till' 0- i-5(I-Il[t I)'d"l i l ( itI I ?Lt1(lv ieHu' 1iI)4)Vt2

Jim L11l/, (to) not ;iplnai' ait till i Iimt to) tI' ADC, F1 Ig' 6 Shows1 till- J PC'~

qm- 'ic~Y J-4 '5))oIU-i4 (d I l, 1 rsl'S iIlJ)pI ll%' I I , sed14( 1 P 11 1' ". y It clii S~oup1 I ng j
wil m l4o"1 [III ')3 -0 I t ill ('4j3V4ii's5 )1 o,3 ,1 1C It F1 h- gII I's pl,l'' 'iled by till'

I'l('tiIIS'''i Ic i All(, as5 wals ('i-'jiih'(l ililw 1 e~Il-'vious Hc 11m. 'I~ii 11111.

Ili till, Co li toj 1,' .t'4''4& by ('01 11 1 1n (144w14 l W ; h3 (' Nt-Mllf/ C-Im'k 411.-

11111 Ii'3 't by aI [e(u'3a'y syiit~wizes u) A g'1 ol '-,, mi N12 ail
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Memory Interface Coiinector. The ADOOM ADC samples the receiver's detected

vidt.-0 signlal , whic h is used to generate vlecti'on density profiles. The

samp~jling (ii till- detvdLed Video channfel is asynchronous with the sampling

()I Owl ]F ci' h llnle

Till. (jso iil[ t) 15VcL ei-i Several SyniClirPu li i I g s ignl1s 1 P0111

t.' rada 4' ,-iys-leljl 41( ~l l t' allotpi ; ite nltel'1'lpt's 1(I- the uoinplitel to

.,114)1w tho' 124)iipiilre's r eal-tm prju 111'J)')I141 ' stay On snhrolnin

flaIti c[ll'-t' into2(21 2(1 thll' LliJ4 1 i milol Jl its Meli'w'y Iuittil acc'

C.1nl1('(t.(J . Tis is I s 'S(11liollIy a di vu path(I, 1141 10) liwtii4J'y and~ a IllOws- data1

1() IllE. Sh Ul.ll ill I1i'lory, Without41 p j,,g)fi~ con) tr 2)], AX s-i lgi( E (nu1lp)11( cycI e

I'slif (A (11 I 1 ,(11 I Ill ilin j Ilp 41) 1.)" I iEJ I (1 v Iu " the C WllliJ IAtt'2' by g int'i ' llt g

by t ho4J1' COt' a21iJi tor, Il ' W al"1kln)'Vsin 111110 (20112I Ill It lia I it- d 1(t

1 1til C()~j I I ( 1 11 4 pI Il li I I'dIi 1I' (1(-- ) 1( ] [1 1 )( o 'Iiiu t L.J y I-'') s 'ra~ t hatll'

taI t 21 t''n I11.14 ry (i'''d 1i I (I rf1,., 4 ll:; a I I (I C() I t t''() at S 111113 I I; II

t~le 14 1 11,(2 lol Ia' 8111,1 ' n't~ 1,111 t i' ht- cl l't ',10)) l ate 1 wi' .44.1 o Ji thl~at

11,11 1 4 Cl24'I( M[4II11-! J11'4V 1-,~ In

lui1ou1l 141)1 1 ' Ipi't. li ii ll 'li aI.I Thc'4 li: t ill'NI I"02l' 'lui vrud [it I1 1 iilt )'Illt J liil

(A Il, ;11(1 til' ll X I h -Vf llil '(' til'11. 1 t O - 011 Ji tU N H I ( ll12



2. Description

Thue primeI fUnction of the Digital Autocorrelator is to perform

Cu-rtain computations onl quantized signals representing radar returns.

henatuire ol the computations is suo.h that they can be donle by a genieral

purpose digital computer, but only very inefficiently Withl respect to tile

time requi ired. TIhe ault ocorrela to' (does those. Computations essentially inl

rual ".., ( rebuas i g tile compuiter for other Calculations tit Which it is

lIO1' L'I I I Ci (U11t..

ConslS G1 a t ilule Var'i Ill, Vol tage v( t ) Which repe1 I'II5tits aknw

Iillictli ol of .1C( ivud s1 gnal aiiipi1. tIlde. alld or pliase. At. vojoul 'ir inter'val s

I'lh s vojl ta'(. is siijxI l midl (jlilt'/,mI by tini ADC, 'I'll(- qilaiti 'mitlof is toj

al81 11 , s I ! ied, 2's " CoiIIJl (mInwI th1 il ay f1lbou.lli)CI I td i s (101 fl bustI s o1 I

uitheri 2'1 ()r 32 samllu-ls. Each Nburst, re!,ul1ts Iill [Igu ol sequen1ce. ol

li~llix-ls, Vi whl-e e215 I vwon 2 to 1,, and 1, is~ either. 24 or. 32,

l.aCh groump ol V I 's i ae asepara,1te set of Inlput daitaI by the autlo-

Co l-ie I a'), lilii It ('ollipill l's a su' ''I ouitput nluumuer1s, AC. witeic
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1, 21 o01 12$
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time than does the computation, and a new group may commence as soon as

AC 0 O the preceding group has been transferred.

'TheC Unit is designed to conunuinicate with an XDS 930 computer

equipped with Multi ple Accss to Metnory INMAM) and~ Mem jory Interi ace Con-

nec tol. (ML C1 opti niH . Cc't a ill contro l'Ol net iQols arc aep)ted I nt tu

cOlipultL'l as w(,111 A second dataI channe111l is built, intot the( unlit, So that

raw otlc. I i'wii a second ADC Call also he trl'flie1r'C'( to the C~l~ e'

I Pa isf i .- ; ot to p.(A i id bliocks of~ Illeflt)ry, all l w h two) ty pcS of I' ( I a r'e

ittt' l l 1;1i('tla to' se-ts ol locatil l 10s.,

A 1Ii i di'scl'ipt1) ) I ti oipt'latior. ()j the ititocor'relitor

I o los rl ~l'ec ~Il, bl 111ock- di agiami, 1"ilvu e 17, Light-hit pa ral I i
daitt a I'ro the A])(, n i- IL cd to the I nputI ihcgist cr, ailt -) -'lt-1y ~-i

1)if ong ilIt leist, Initiall1y, tll. ei ii is la'dtoaI'/e's.

'Jut Iils 151lVI Lit-t (o vi'sbit) jL0(' plls sit I tll( ,-iit. All(' wod liit,

d'li I lst1aid rii i l, t t h(-'tg Iii IJilt e 11il1ifJ t Ilill I, Ii' i ( -l I i s "Alord t(-

111toti tl',t 11 I 'I tc ami j 1.!,' t 114' pill~ vL.'orti I mditi I ) i It pruu it' mv ci

1l(('tr ltt a i)" l tI i cii :A 4t 1,41 "l l Il t It IlI l. w W I- Jfl ) t ( ) - r Il; -;I l

lit ~ ~ i Hn ia It] w'it' tt I': -, v1i ' Ii~~~ hq it l ' hi n 14 c Iy itII fO t! 111 ll] tr pr~Iilut3

I t11 1111 t I ll tr ili h ( .4'~ w t I 1 11 1 ) v l i 1 1 1 1 1 1I lf



131nldVYOD 0±A

A -J A
0

ul~ 4

a::
00

0. (A

~3X31di~flV ~0
8 Xlio niO

-- 444
III

I 0
-NIj

uJ

it Ia1 Ii _V_

cyr

-A ~ ~ ~ ~ ~ - -, .1___________

9. V

La -c

rI
I 4



networkt, which 1l'ins tihe sum 0I the aCCuIII11ul' torcotents and the multi-

p1 icand M ul1 t ip11i ic at i on is d onue by -aIn alIter1-na t inIg seCquc e o f add l ig

into tile accunlia tor followed by sh ift ing the accumul ator 1One bit. T'he

adding is cond itionial on ilt state of low-order bits ill tile( mul tiplier

reg is tc- rh( I-cS IIIt (l suc I a 1111tu i ply Siquelce is to f 0 i'm the prioduc t

ofI tue(, currlit. liiol Lip ier i and 1111l tipi ic;aral ard addo it to tu num11ber 'i- I
ViOUS1 y helolIll tinl( ICCwIJIII1t0I-.

ii'ujore aniy cullippulation start1s, all aciIula,'tois Colill M A/,eoS I
p)(dI( t, of the li 1st AM)(. WO imHlltip11 i''t b)y I~cf l.5e v (ii V . ' ll vimniil-

Ill, a cc Iil~l Iator ale stillI Z~ero, Sillce aIl IIInII tip]! clalids except, the ii I-st,

a ( I,( A4 I0 c. te tew s-colld 11i111 t i 1A N, S((l I o- ' llhe I I IS t "Iccutllillhatmr Coll-

2 22

A110 1(' 1 t Otiij d set e tile( aICCUn1jiI atois conItinl (v -f v *s v)
2 2 3

v v, -i V, v ) ,v V ), ad tile( lest /(l-oes. I II of 11c). wor-ds , at-i tifIe i c
3 3 1 31

o la], tiole- prodlce s i plii I icani resili I at .II 1 i st i 1l tite- JA rI f, 1 icitiiiiIl ;itol-,

)I.l j iti Ow Is tWO Ini tIIIe ji )11 ile e.t,. Al'tor thce 32nd, or last

111111 tiply se(ImlicL tile- :icctuml] 1o1s con a in tile :2 AC Whicie . ow 11W ealy

(h p1 .111Oi'tc.ilt' 'out1 Cu'uilc :~ii] at i 'tili ti e thetc

il'ckliuinl utl' ill ordci a111(i do Ii t -he , J ]I ow Imo, I jI [ t , the(- s',(' r 1 o~tIltt of t I e

I('I' [Ill I I:1' I) I, (,:I Illf ' t1( 1 oi 1 ill' t, ;I I II 1 1 01 aIl ot pil t -j I s I L. Niux

H' i, it s-ill I I ill I p'S I I p i -dc to () iii' sto-, 't,(I'I c c a tt'I Inu I a tom' a I I( t o t 1e

oil t pil I rl't' I - t (-r, SI() as to I.lt l thl l iii ccittiuttiator collt tiltS to tile4 olliitt

i' i I, AtI i,~ -aI' 111114im , li14' sc'I'I a I I iIiltt tI Il t e ifccuiltl [tol IJs hel1d

at n lopc 1 1") level '-oI l~t /ei'1(1iil'- Il(- o'-ll It ted 1 itto tile Iaccttul l ti i, J oI

Wil t' Il1-1 ttI'I ,'lIIl t o i - tt-CtIuIlII I 01, )IIaVi eet t Ira ts I Ic1-red t'i t lie E

olliputi ilIst.i' il(juli'st 5tigll j" Iset ti till' colliloeIl'. Tile pa Iitl ulI

011111111 5 of I ii' oultput 'e' sti ai 11- ane p(11,14It Iy connvicted , thr ough 3:11tIcI
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drivers, -co the Comlputer data inputs. When the computer recognizes the re-

quest, it starts a sequence of i ii'st reading the address and then the data

word. When the computer has accepted the data word, it sends back an acknowl-

edge signal, which triggers thle sequence all over againi for the next accumulator'. I

As has been pointed out, during an input-computation cycle, thej

accLUMlators are b)ugh,. into significant use success ively. Advanitage

is taken of thlis to perimit Subsequent comiputation cycles to begin before

the (.)1 tens Ial the accumu a11toi'S have been transfierre'd to the coiin-

puLIt C' 1', A s igiia i is provid (ed to each Arithme tic U~ni t (A thr'ough A,

by the Arithmetic Conitro(l Logic that positively inhibits arithiie tic opera-

tionl Until SuIch ope1tio can poduce nonzero results. As a rusult, solnIC

accumlul ate) Is caII r'e ta ii the ,iI preyviousl y Colmputed nlumlbers, even wh ile newvZ

numal~ is ai' bei ig oin~'dill lower- numlbe red units . TIhe on)Ily I imi lta tions."

a ic (3) I:1 t tin'( subsequlent collputatiC) I cycle no(t stla rt, until accumlla'to r

nuimlibe P oile has S b('('l ou1tpult and ci en 'eclv andi ( 2) tihat. the compilu tor acceptI

data atat as I ast. as the AD)C j-s samiapied. 'heADC sampl i ug rate is

C I tilhor 100 0 1- 83 I*;ilz (Or' one( H1ampIleC eve ry 10 or 1- Th() .'u'Colmpitei

Will accept. Word tiia'ug tile MWC at I. ara t' o1 one word per mImeiory CY(.l('

(.57(0 kliz), ilut, tile 011 (pit COjl? i'ol will i'equli e JA1m'1 equiivalent to three

or. I oIl I cycl (- to) t "i'aisi tI'teachi Wo.l to tli(' oui'plit regi ster. 'Iilu-, ',Ill

01It~ll t' lb coiljll ill] tale ( p1 act' at inltervals ol either(1 7.0 or'

8.75 4-, (1I or 5 wi:mmamoy cycle s) .illc el y case1 till- wil I)- fabeIst Q11oulga

to) s tav ah'ead ()I1 tai colIll I at ionl

'lIC( aim? ocoli'1at~oi' j, j)ackagf,.(I Ill a5/-ile-i i s tanl(In 'd

ralck liloillitllp lag1111 1 A seinilat.e, e-xt(-i'Iiil i','LvI slippl y pl-oy i (Is po(wer t~o

the(- unlit. . S1.ui id a I'd ''11, lo'gae Cic il lo'1 I1 'g ic 1s S elapl oyud, l 110(nted onl

4(0 1op'c bt);lr'(s, lI~IS is .1 a I)o)Iaih ol tile unilit Withl theL top Cover'

reiloId F i '' 19 silmyWS t lii' I i'Iil t, iallt'l 'i th a)(- 1 1ocopi'o'(l "Ito, wi til tihe

op('ia to I l?.11 liesal la;te u mle''isape)lns aid nuiiibe V

of? sai per a burst I!'(-elcal by usiri te 1011 pallel toggle,
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switches. Potentiometers on the right-hand side of the unit are used for

adjustinig the delay to the f irst sample, delay between sam-.ple bursts, and

delay to the noise burst. Also provided are a correlator reset button andi

indicator lights that show whether the correlator channel and/or the density

chine 1 have, been turned On by the computer. An operat ing handbook for the

Digital Autfuco -rel atorli .has bee prodIUIcd, Whii Cl descr'ibe.s in (ietail the

operationl tliid mii-teiatice of the uniit.

SinlCu the Co ire Ia tol' Works iii conljunctio 101wIi tu XI)S 93() comn-

pu toi', celLaiii com)Ii tu Pcomima iid s were impleomen ted that o aoi nto -rchange

of I nfo 2111.1t ionl 1)twee a"1 cor relator and comiiute r

l-oUl I' Stonl I]OM C')OnnI,1ds are Isoei to Conto opera ~tion1 of the

corla tor'. 'Ih--e coillandCs have ftile jo lii

1:;1N 010(iX (o o2 8400oX)

%vioe1- thu( s'il Iji ol caX iN s as to] lovs:

0 ( Dis5abl C both chainnels.

X l'n M I( (Ii ud I IS jt y c Inel ,C I dIi sa 10 c o 1,rc a to 1 i

N 2 1) i s,0) 1 (- (IelC. I ty c IatIn, Icl , 0 ilab -c Cori c]I a to I

X 8 Jliah, I e! bo lii channelC.1S

X I thioughj 7 No ell IectI

Tilt, hUM js C' lup 1 tel y ()docd so that any o)ther iLOM will hIivQ

I)( o 1 (-et I Thai CoIlpu)It r stiin bit toii dilsables both channel I.;

'Iii lee Siueoil hint arle p l'OV id~hd SO thia t tilt j)0S 14 QIuS Ol the-

Hi oe ) 'g Isw i chits Caii1)0 beO dto l led w ith SKS comma lids * Two of the soL

50C



are presently connected. The command codes used are:

SKS 030001 Skip if 32 lags, no skip if 24.

SKS 030020 Skip if 100-kHz sample rate, no skip if

83.3 kHz.

The remaining sense signal would produce a skip if set for one data

window, no skip for eight.

It is necessary for the on-line computer program to stay in

synchronization with the radar. This is accompl:shed through the use of

priority interrupts. The interrupts are listed in Table II below, by I
location and in order of priority (highest first).

Table II

PRIORITY INTERRUPT ALLOCATION

Interrupt Time of Occurrence I
Location

2

200 Data Pulse Sync

201 Delay Time End (first density

channel sample)

202 End Noise Group (correlator)

203 End each Data Group (correlator)

204 Track Pulse Sync

205 End ADCOM Data Transfer

Correlator output data are stored in Memory Locations 100008

through 104378. In the case of 24 lags, the final location is 10327
8 8*

Density channel data are stored in Locations 10440 through 107378. The 4
8 8

two most significant digits of these addresses may be changed by moving i

jumper wires on tile MCTL cable plug module, which is installed in the i
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computer at Location lB. The format of the data words as they appear

in memory is shown below.

Correlator output word S = sign bit (0 = positive,

1 = negative)

X = magnituUe bits, 2's

SSSSSXXXXXJLXXXXXXXXXXXXX complement form

bit 0 4 23

ADCOM output word X = amplitude bits (unipolar)

000oXXXXXXXX000000000000

bit 0 4 11 23

D. Computer Interfacing Equipment

When the digital correlator was incorporated into the radar data

processing system, a ,tumber of other changes were made in the routing of

digital data and control signals amongst the various units of digital

equipment. Figure 20 is an interconnection diagram for these equipments,

and Table III lists the units and their functions.

As part of this year's contract, some additional pieces of computer

equipment were procured and installed; they are operating satisfactorily.

The items added to the XDS 930 computer system include the following:

(1) Memory Interface Connector option

(2) Multiple Access to Memory option

(3) Priority Interrupt control chassis

(4) Eight Priority Interrupts

(5) Arming feature for the Priority Interrupts.
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Table III

DIGITAL EQUIPMENTS FUNCTION LIST

Unit Functions

ADCOM Computer Interface (1) Controls XDS 930 computer inputs and outputs

through the PIN/POT channel

(2) Controls pulsed noise source calibrator

(3) Sets delay to first sampic for density channel

ADC

(1) Generates sample triggers for density channel

ADC

(5) Controls digi ta 1-to-analog converter and Analok
holding currents

(6) Provides external sense line inputs to computer

(7) Controls Digital Multiplexer

ADCOM Digital Multiplexer Gates 2,1-bit parallel data from any of six
selectible data sources to the computer inter-
face

ADCOM Digital-to-Analog Converts digital numbers to an analog voltage
Converter

Analok Circuits Holds the analog voltages supplied by tiue DAC

Analog-to-Digital (1) Digitizes detected radar signal

Converters (2) Digitizes IF radar signal

Digital Autocorrelator (1) Computes autocorrelation coefficients

(2) Controls transfer of data to the XDS 930 com-
puter through its Memory Interface channel

(3) Generates interrupt signals for the computer

(.1) Generates status levels for input to the com-
puter interface

XDS 930 Computer (1) Provides on-line data processing and recording
capability

(2) Controls various portions of the radar system

(3) Is controlled by various portions of the radar

syst1em

(.) Accepts data from various sources
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A number of nonstandard computer commands have been implemented to

enable the computer to communicate with the external digital equipments.

These commands and their current functions are summarized in Table IV.
I
I

Table IV

COMPUTER COMMANDS

Input Channel
Selpct Comand (Follow with PIN command)Sel ec t Commnands

EOM 31001 Spare 

EOM 31002 BCD Azimuth (lowest 18 bits)

BCD units digit of Delay Thumbwhecl Switch (Bits 2-5)

EOM 31003 BCD elevation (lowest 17 bits)

BCD tens and hundreds digits of Delay Thumbwhel
Switch (bits 2-6)

EOM 31004t BCD Time of Day

EOM 31005 Antenna Console Thumbwheel Switches--BCD

EOM 31006 Spare

Output Channel
Select Comands (Follow with POT comand)

EOM 32001 Calibrate Code which controls noise source attenuator
settings (0, 1, 2, 3 give 0-, 3-, 6-, 9-dB attenuation)

EOM 32002 Spare

EOM 32003 Spa re

EOM 3200- Output to DAC and voltage held by Analok 4

EOM 32005 Output to DAC and voltage held by Analok 5

EOM 32006 Spare
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Table IV (Concluded)

Device Enable I
Commands

EOM 3,1001 Enable density channel ADC input through MIC, disable

autocorrelator
1

EOM 34002 Enable autocorrelator operation, disable density

ADC input

EOM 3,1003 Enable both above

EOM 3,1000 Disabl.e both above

Sense Line

Conun and s

Op Code Function No Skip Skip

SKS 30001 Number of lags in each
autocorrelator window 24 32

SKS 30002 Sample spacing for

density channel ADC 30 os 60 4s

SKS 30004 Antenna Console Switch
read/not read push- DO NOT READ READ

button

SKS 30010 High-voltage status OFF ON

SKS 30020 Autocorrelator channel
sample spacing 12 Ls 10 4s

SKS 300,10 Spare

5
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IV SOFTWARE

A large amount of new software was developed during the r)ast year

in order to make use of the new hardware, provide more operator feedback

during operation, implement the processing and analysis procedures de-

essing procedures. These objectives have been met. Two major computer

programs are used: one that runs on line in a real-time environment and

controls the data taking and recording and one that is used off line to

analyze the recorded data and to plot and pr nt out the experimentally

determined electron densities and electron and ion temperatures. This !

secton describes these two programs.

A. On-Line Program

1. Description

This program is intended for use in conjunction with the data-

taking facilities of the XDS 930 computer used by the Project 617 radar.

The computer is presented with an externally clocked stream of input data

(independent of the computer CPU functioning) consisting of 192 amplitude

samples (power profile data) and 24 (or 32) lagged correlation coefficients

from each of nine autocorrelation gates (spectral data). These data are B

input repetitively, once per radar interpulse period. The computer is

required to perform a running summation (squared sums for the amplitude

data) over successive radar interpulse periods for each input number and

write the summations in formatted blocks onl magnetic tape.
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a. Amplitude Samples_(Power Profile Data)j

The amplitude data are presented to the computer as a

sequence of 192 8-bit unipolar ADC voltages (one sample per computer word,

Bits 4-11, In 192 sequential 24-bit computer words, from Address 104408

to 10l737H) . Each of these samples s squared and added to an accumulat-

ing bin ait the corresponding range. After summation over some pr'edeter-

mined number of these pulses has been completedI, the (in to are- format ted

and output onto (Iigita. tape (if desired), all the accumulating bins are

reset to zero , and the summation i s repeated .

1). Autocorrelation Coefficients (Spectral Data)

The autocorrelation coefficients ore presented to the

computer as nine groups of cit her 24 or 32 points eacti, read intto sequen-

ti al computer 'kords (Flits .1-23) for at total of 9 X 24 (9 X 32) 24-bit

computer words per radar sync pulse (Locations 100008 to 1041378). Each

of these groups of 24 (32) points represents a precomputed (by interface

hardware) autocorrelation function . These points are summed in 9 X 24

(9 X 32) accumulating bins, and after a predetermined number of pulses

the dat a are output onto tape (if desi red) , along with the amplitude dlat a

that have been computed in a parallel fashion. After cachi tape write,

the autocorrel ati on accumulating bins are reset to zero, and the suOmma-

tioli is restarted.

C. Control of the Input Data 'low

Six priority interrupts ore employed to notify the program

of the completion of data transfers to the computer memory. Various sense

lines ore used to informn the computer of input modcs--24 or 32 spectral

samples per gate, 30- or- 60- .,s sample interval for ampli tude data, etc.

(see Table IV).
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d. Control wf the Output Data

The output from the prograir is in tile form of digital tape

records, one record per summation interval,. Ea~ch record contains hielder

i nformat ion and (double preci si on summations of all gates. Tape writing

onl Magne tic Tape Unit 1 i s con trolled bvIli-oak Poinat 1 on tile compuiter i

Console (set: w~lite tape; reset: (in not write). Thle urit ini,; of file

ma rk% onl tape i s con trolled by Brtak Po in t 4 (Sot : write f ile mark ;

rset :omi t fil 1e mark). The use of these swi tches is described ill de-

tail I be Io%% . A secondlary outpuit from thle p)rogram is inl thle form of type-

%%rit tenl error, messa1ges and visual di splays of the summlat ionl bjis ; these

are also described ill (let ail belowk.

e. Opera I inig Modus j
rx~o modes of operationl ('aill be inlit ially selected. Uponl

i nit iati~ohl of, I lie prog ' raml 'It Loc atIion 01000 , t he typeoilt -- RUN (0)

PLOT (1 )--is 5 ade. It' a Zero is eoidered (terminated by a carriage re-

turn as \i i .al typed iniput messages) , the program braniches to the

run1'1 mode of operati onl (dlescr i 1)(1 be by%. If a1 one is typed ill, tile

prograim elt ers a) spec ial "'check"' m1ode of opera tion (lesi gied to chieck

i 111 ivi dual records 01r miagneIi c tape ~ i ('11 lias 5 alre(adl been wri t t Il, by

plottIing thiesc rocords Oil t lie (alcoilp plottecr. This mode is simply a

ColnveRni ence for onl-tIhe- 53)0 chieck inRl of t apes without l oadlinRg t ho anialI-

y sis pr'ogramh. Eitiler 1110(1 asks thle operator for thle Rnmber of' f iles lie

Si shes 'spaced for\k ard Oil MTr 1 wltlte message ''Fl 4IE FU-

I) Plot Mode. Af ter' positioning the tape to thec desi redi file,

tile programl types thle mlessage "PEN TO Lit MARGIN, HIlT RETURN." Tie oper'-

ator then posit ions thev plolte en )1 and types a carriage return. Tile

programl neOxt ottputs tile m'.essage SAMP( 0) , AC (l), BOTl( 2)--- ,' ask inRg a

tilt, Opera tor' iet her hie wkishies ai plot of' thle 192-point ampl i tude (dat a, j



of the nine autocorrela~ion functions, or of both. After accepting a

number (0, 1, or 2), the program reads one record from tape, draws the

desired plots, and repeats the message. This loop occurs repetitively

until the program is restartei, at which time the "RUN(O), PAT(1)

messalgc is typed.

2) Run Mode. Figure 21 is a simplified flow chart of the

run mode loop. The run mode initially executes a check loop, which en-

sures that MTl is ready and positioned as required. Input parameters

are entered through the typc%%ri ter in response to typed messages. The

program then enables the interface logic and interrupts and goes into a

Wait loop sequence while processing in crrupts. The wait loop consists

of a visual display driver and a typewriter error message driver. Errors

are flagged by the interrupt routines and typed out when required. If

no error flags are set, the visual display is driven repetitively. De-

tails of' 1bis operation are described below.

f. Console Breakpoint Switches

At the end of each sequence of pulses over which a summa-

tion is performed, the computer formats the data for output onto tape and

interrogates BPI to see whether tape output is desired. If BPI is set,

the data are output onto tap.. If BPl is reset, no tape write occurs,

unless BPI was reset during the current summation sequence. If that is

the case, the buffer is (lumped onto tape, and no further buffers are out-

put until BP1 is again set. If BP4 is set, a file mark is written fol-

lowing the last data record, and the block counter (record numbers within

a file) is reset for the start of the next file, when and if it occurs.

An EOF message is typed, containing a file number, time, and date. If

BP4 is reset, no file mark is written, the block counter is left set,

and no message is typed. This enables the operator to maintain block
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CAUSE EXIT FROM
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FIGURE 21 RUN MODE FLOW CHART
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continuity within files, even when it is not desired to have the blocks

contiguous in time. Unless a change of input parameters is desired, it

should never by necessary to restart the program between records or be-

tween files. Even when magnetic tape is not being written, the program

remains in synchronization with the external interrupts; summations con-

tinue to take place; and program functioning remains the same as though

tape were being written. When the first record in a new file has been

written, a message is typed giving the file number, time, and date,

thereby generating a series of messages defining file events by a se-

quence number, time, and date. If the program is restarted, the file

number counters are not reset unless MT1 is at the load point, thereby

maintaining file sequence continuity when input parameters are to be

changed. An EOF should be written before restarting the program, since

the program initially expects to begin a new file upon startup. If this

is not done, a loss of file continuity in the typewritten messages will

result, since block numbers will be reset within a file.

g. Program Monitoring

The operation of the program is monitored in two differ-

ent ways:

(1) Foreground and background typewriter messages that

allow the operator to determine the time and sequence
of events recorded on tape, as well as recording the

occurrence of possible timing errors. Foreground

messages also allow for the input of program param-

eters during the setup phase.

(2) On-line visual monitoring of the data-taking/
computation process by means of ten selectable oscil-

loscope displays (the 192-point power profile data

and the nine autocorrelation gates).
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h. Typewriter Messages

Several types of messages are typed out during the running

of the program. Only the first type requires an operator response. The

various message types are listed below.

(1) Messages controlling the initial setup of the run

mode. Certain of these messages inform the operator

of error conditions in the initial setup for running:

MTl 556 (set Mal to 556 bpi)

MTl FPT (no file ring on MT1)

MT1 NOT RDY (MTi not ready)

WRONG AC SAMPLE SIZE (progrsn size does not
match sample size of autocorrelation gates

(24 or 32) as controlled by autocorrelator

switch setting).

All these messages may be cleared by hitting a car-
riage return when the condition has been corrected.

The program repeats the typeouts untii it senses a I
completely correct condition.

Another set of messages controlling the initial
setup requests the operator to iiput system param-
ete .,s, some of which are used tc control program

operation and others of which are simply output onto
tape for use by the analysis program. These messages

are:

FILES FWD---

SYSTEM PRF(150)-

POWER (KW)--

PULSE WIDTH(MICROSECS) --

CALIB CODE--

BANDWIDTH(KCS) --

AC START RANGE(KMS) ---

AC NOISE RANGE(KMS)-

6
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DATE(MO/DY/YR)--

NO PULSES(PRF=75)--.

Responses to these messages (with the exception of

the date) should ccn-ist of numeric input only (0-9)

or a minus sign; they require termination by a car-
riage return. Any other character input results in

a repetition of th? ressage. The date type-in is a

straight BCD inpu cI eight characters terminated by

a carriage retura. If more than eight characters
are input, the r,'ssage repeats. The FILES FWD---

message accepts , 0her plus or minus numbers. A
minus one (-') ped in, for example, backs the tape

up to the ncjre: . file mark and ther spav'es forward

over the file ,._4rk. A plus one advances the tape

past the next fiLe mark. If the tape is backed up

to the load p ) , the message

LOAD POP!. ,FILE CNTRS RESET

is typed, and ,rol is returned to the FILES FM---

message. Tae : PRF(150)- message accepts only

even numbcr_3 icers to the total PRF, including

both data a id a .k pulses. If a PRF ,reater than
150 is typed a warning message is typed out:

CAUTION: PRF NE 150; IF 60-MICROSEC SAMPLE

GATE IS USED, AT LEAST 80 SAMPS MUST BE READ

IN BEFORE INT204 OCCURS--.

See S,;jC2 interrupt descrip .n uiider Program Timing

for more detail on tl ., ; sage.

(2) Messages specifying the beginning and end of files
written on digital tape:

hh: mm: ss mo/da/yr BOF xxx

hh:mm:ss mo/da/yr EOF xxx

These messages contain a BCD time of day as read from

the time-code generator, the BCD date as input during

setup (and possibly updated during running when the

date changes at 0000 hours Greenwich), and a
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LI
three-digit number indicating the file sequence

number within a time (initially set by the FILES FWD---

message).

(3) A message typed out during running whenever BP2 is

set, which gives the system noise temperature, TN, |

as computed from the last complete record over which

summation occurred:

hh:mm:ss mo/da/yr TN=xxx K

This message again contains the date, time of day,

and a three-digit temperature in degrees Kelvin. I
(4) Messages flagging the occurrence of run-time timing

errors or of various fail conditions:

hh:mm: ss mo/da/yr WRONG AC SAMPLE SIZE

hh: mm: ss mo/da/yr REC xxxx ,PULSExxxxx ,xx

AC18 INTS

hh: mm: ss mo/da/yr REC xxxx ,PULSExxxxx ,PREV !

SAMP GATE UNFIN

hh"mm:ss mo/da/yr HVFAIL

hh:mm:ss mo/da/yr REC xxxx-MT1 NOT RDY
I

The first message can occur only when the ac-sample- I

size switch on the interface box is inadvertently

changed (luring running. Since the memory layout is

different for the two possible sample sizes (24 or 32), I
two separate program tapes are provided. This condi-

tion is therefore treated as an -irrecoverable one and

results in a complete program restart. The file se- f
quence counters are maintained, however, and the
digital tape may be repositioned to the nearest file

mark by typing in a minus one to the FILES FWD--- I
message. The second message flags the occurrence of

more than eight interrupts on INT203, the autocorre-

lation interrupt for the first eight (signal) range I
gates. If this occurs, certain of the autocorrelation

gates may be processed before the values are actually

updated in the MIC data input area. The third mes-

sage flags the occurrence of an overlap in sample gate

computations. This is a recoverable error, provided
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it is not flagged on successive pulses. Tape record

numbers within the digital tape file are given for

each of these errors, along with the pulse number (of

the total number of pulses summed in any given tape

record) in which the error occurred. The fourth

message flags the occurrence of a high-voltage fail

in the transmitter. The computer types out the fail

and writes the partially completed record on tape

(if tape is being written). No file mark is written,

regardless of the state of BP4. For this error it is

assumed that when the err)r is cleared the current

file continues to be written; hence, block-count con-

tinuity is maintained. A flag is set in the partially

summed record, and a true count of the number of

pulses summed over is recorded on tape. The In' fail
condition (tape-write inhibited) continues until 13P1
is toggled reset-set (or simply set if tape write
was not in process when the HIV faJ 1 occurred). If

the computer still senses an HV fail condition when

BP1 is toggled, the In' fail message is repeated and

the wait loop reentered. All background functions

and data processing remain active during the HV fail

period. The fifth message flags the occurrence of I
an Tl busy condition during an attempted tape write.

This condition is fully recoverable, provided the

tape has been set ready before the next summation

period ends. The background error messages and visual

display are suppressed, since the computer hangs up

in a tape-ready wait loop while processing input inter-

rupts. The message is not actually typed out until

after the condition has been corrected, since the

background loop is replaced by the tape-ready loop.

The error is detectable by the lack of background
displays.

The messages are sequenced in such a way as to provide for

an orderly record of events typed in the sequence in which they occur

(typewriter speed being an obstacle to this if multiple flags are set).

All error messages are stacked to allow for the flagging of multiple

errors having the same message typeout (up to five per message). The time

of day typed out with each message is the time at which the typewriter

message is typed out and not the exact time of occurrence of the error.
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i. Visual Monitoring

Visual monitoring of the data-taking process is executed j
as a background function and is part of the wait loop (along with the

typewriter error messuges) continually being executed while the program I

awaits interrupts. Teni displays are possible in this loop: the 192-point

power profile or any of the nine autocorrelation gates. If the antenna-

console read-do-not-read switch is off, the computer outputs only the

192-point a ilitude data in the form of the current summation. If the

read-lo-not-read switch is on, the computer interrogates the antenna-

console thumbwheel switch. If the switch is set to C001,C002,C003...

C009, the computer displays tile corresponding autocorrelation gate. At

any other setting of the thumbwheel switch, the computer displays the

192 points of amplitude data.

Figures 22 and 23 are photographs of tile visual displays.

Figure 22 shows the averaged received power as a function of range after

about .10 seconds of integration. The F-layer return is quite visible,

peaking at about 300 kin, as is ground clutter between 140 and 160 km.

The 7 0 K noise pulse, which is injected for calibration purposes, can be

scen between 950 and 1000 ki. This display enables the operator to con-

tinuously monitor the performance of tile radar system while taking data.

The other display (Figure 23) that can be selected by the operator is a

presentation of the autocorrelator output for each of the nine range

gates where the autocorrelation function is cumputed. This enables

operation of the digital autocorrelator to be monitored in real time

without interruption of the data taking. The visual display is always

active regardless of the error state (INV fail) of the data-taking, un-

less the computer is hung up in a tape-not-ready loop. Thus, by reset-

ting BPI before starting a run, all the data processing functions can

be visually monitored, and data taking can be initiated by simply set-

ting BPi. Tape block numbers are incremented only when tape is actually
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written, thereby maintaining block-count continuity within files. The

displays are all representations of the current state of the summation

buffers and are reset along with these buffers at the end of each summa-

tion period. Although tape writing at low summation numbers is not nor-

mallv desirable, the displays may be run at summations of anywhere from

2 on up. It should be kept in mind, however, that the display loop is

subject to interrupt and that buffers may be updated in the middle of

the display sweep. This effect is not noticeable for larger summations

but is definitely noticeable over sums of only a few pulses. The visual

display is output in the form of an XY plot on the digital-to-analog

converter and Analok holding circui ts. One t n~lok contains the signal

to be displayed and the other a sweep voltage to drive the X-axis of

the XY display.

2. Interrupt Processing

This section describes in detail the timing sequence in wihich

interrupts are processed in the run mode of operation. Names enclosed

between dashes (-SAMPGATE-) refer to labels in the program listing.

Six interrupts are processed, occurring as follows:

INT200 Data pulse sync (start of interpulse period)

INT201 Start of 192-point sampling gate

IN'T202 End of Autocorrelation Gate 9

INT203 End(s) of Autocorrelation Gates 1 through 8

I1N T204 Track pulse sync (middle of interpulse period)

INT205 End of 192-point sampling gate.

i
The basic time frame is taken to be the 13.33-ms (PRF of 75) interval

between any two consecutive data pulse syncs. For 30-;s sample spacing,

Interrupts INT201 and INT205 are used to control processing of the
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1 9 2-point sample gate, and INr2O4 is ignored. For 60- is sample spacing,

Interrupts INT20- and MM205 are used, and INT201 is ignored.

Interrupt processing is such that, at any given time, one of

three basic interrupt states exists, with a "catch-up" timing transition

between the second and third states (formatting for tape write). These

states are as follows:

4

a. State I--Initialization

Lei zero or more time frames r ,s as defined by the count

number in -sYlNSKIP- ,five frames skipped at start of processing to get

into sync, then two frames skipped for every tape %%rite (end of su,nma- z

tion)]:

INr200 BRIM -LOADIBLK2-

INT20l BRM -NOP2Ol-
I

INT202 BRNI -NOP202-

INT203 BRM -NOP203-

INT204 BRM -NOP20-I-

I-r2 o5 BIUM -NOP205-

-LOADBLK2- counts down -SYN"CSKIP-, then loads State II.

NOP201,NOP202,NOP203,NOP20.I,NOP2C05 clear their respective

interrupts and take no other action.

b. State Il--Processing

Perform the required summations of the autocorrelation i
gates and squaring-and-summing of the 192-point sample gate:

INT200 BRM -SYNC- I

INr2Ol BIRM -SAMPSTRT-

INT202 BIR -ACGATE9-

I r203 BRM -ACGATE18-
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INr204 BRM -SYNC2-

I-T205 1IRM -SAMPGATE-

-SYNC- checks current value of -SYNCCNT- for -SYNCCT-

-NXXT'F- .(no. of sync pulses passed) = (no. of sync pulses

typed ill) and bumps -SYNCCT- if not equal. If equal,

-SYNC- reads the current time, azimuth, and elevation codes

and loads State III.

-SMU:,S'r1'r- checks the 30- to 60-us interval sense line.

If 60 is, no action is taken. If 30 us, -SAPSTRT- checks

for completion of the previous sample-gate computation

(-,.\MPFI,( - 0). It -SAMIFIAG- = -1, -SA.MPIATE- (IN'1"205)

has not finished processing the previous 192 samples, and

an error is flagged

-ACGA'TE- ch.cks for more than eight interrupts on INT203

(-ACGATEl8-) and flags an error if -ACCOUNT- > 8; if

-ACCOL'Ur- - 8, computation of all remaining autocorrela-

tion gates is completed. It also checks for -SYNCCNT- =

-NXTRF- and formats for output.

-A'GArl18- computes one autocorrelation gate (21 or 32 values)

corresponding to current value of -ACCOUNT- and bumps

-ACCOUNr- by 1.

-SYNC2- checks 30- to 60-gs interval sense line. If 30 ps,

no action is taken. If 60 us, -SYNC2- checks -SAIPFLAG-

for completion of the previous sample gate and initiates

background (to the autonorrelation interrupts) computation

of the first 80 samples ininimum number of samples if sample

gate ends at next autocorrelation sync pulse

(192 X 60 - 13333/2)/0 80g.

-SAMPGATE- completes (or begins) computation of the 192-

point sample gate. If the sample interval is 30 us, all

192 samples must be computed beforc the next -SATIPSTRT-

interrupt. If the sample interval is 60 4s, the last

192 - 80 = 112 samples must be computed before the next

-SYNC2- interrupt. Since -SAMGATE- is of lower priority

than -SYNC2-, computation of the last 112 samples cannot

begin until the first 80 have been completed. Also,

-SYNC2- and -SAMPSTRT- can interrupt -SAMPGATE- and thereby

detect if processing of the previous frame has not been
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completed i,, time. Upon completion, -SAMPGATE- checks

for -SYNCCI'r- = -NXPRF- and initiates formatting for tape
output if yes. -SAMPGATE- remains active into State III

if tape formatting is taking place.

c. State III--End Processing, Start Cutput

Complete processing in current time frame; format for tape

output while skipping two time frames (13.33 ms):

INT200 BRM -LOADBLK1-.

INT201 BRM -NOP201-|

INT202 BRM -NOP202-

INT203 BRM -NOP203- j
INT204 BRM -NOP204- j

INT205 BRM -SAMPGATE- i

-LOADBLK1- (same as State I) counts down -SYNCSKIP- (lets
two time frames pass) and loads State II.

-NOP201,NOP202,NOP203,NOP204- clear their respective in-

terrupts without taking any other action. i_
-SAMPGATE- is still active from State II and waits for all
computation to be complete prior to formatting for tape
output. An error is flagged if MT1 is not ready. Tape
write is initiated, range summing bins are zeroed out for

the next s.rmmation, and -SYNCSKIP- is set to one so that
-LOADBLK2- skips two frames before reloading State II. i
This routine checks BPI and BP4 and sets any flags neces- I
sary for file start-stop messages. At completion,
-SAMPGATE- loads BRM -NOP205- into -INT205-.

3. Miscellaneous i.
The on-line program was written in METASYMBOL, the assembly

language for the XDS 930 computer. It uses approximately 6700 24-bit

words of core storage, including both program and data storage. Magnetic

tapes written by this program are used as input to the off-line analysis
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program described in Section IV-B. The format of the output tape is

shown in Table V. Each computer word shown in the table requires four

consecutive 6-bit characters on the output tape. The length of the tape

records depends on whether the 24-lag or the 32-lag autocorrelator option

has been selected, as indicated by parentheses for the last four entries

in Table V. Recording is done in binary (odd parity) at a packing den-

sity of 556 bpi, resulting in record lengths of 6 inches (3344 characters)

or 7 inches (3920 characters). Standard 3/4-inch gaps separate records

on the output tape. For an on-line integration period of 1 minute, a

2400-ft roll of computer tape lasts about 70 hr.

B. Off-Line Analysis Program

We have seen in the preceding section (IV-A) that during an electron

backscatter radar run, two sets of data are preintegrated and recorded

on tape: the power samples, also called density samples, and the auto-

correlation coefficients. This section describes how the data are manip-

ulated in order to give, as a function of time and altitude, the electron

density and the ion and electron temperatures.

The input data to this program, data which were integrated over

relatively short time periods by the on-line program, are integrated over

a longer period of time. For each of these second integration periods,

the program computes the Fourier transform of the autocorrelation coef-

ficients, thus giving the spectra at each altitude. It next computes a

raw electron density curve at the altitudes of the 192 power samples

("raw density" because it assumes that the Debye length is small compared

to the operating wavelength). The program also computes the ion and

electron temperatures, which are then used to recalculate the density, to

greater accuracy, this time taking into account the nonzero value of a.
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Table V

MAGNETIC TAPE FORMAT J
Word Number Contents

1 Record Sequence Number

2 Radar Pulse Repetition Frequency (75)

3 On-Line Summation Interval (number of pulses)

4 Time of Day--BCD codes from Clock

5 Antenna Azimuth--hundredths of degrees j
6 Antenna Elevation--hundredths of degrees A

7 Peak Transmitted Power--kilowatts 4

8 Pulse Width--microseconds

9 Calibration Pulse Attenuation--0,3,6,9 dB

10 Receiver Bandwidth--kilohertz

11-12 Date--BCD codes

13 Delay Number--from interface thumbwheel switch

14 Density Channel Sample Interval--30 or 60 Js

15 Range to First Autocorrelator Gate--kilometers

16 Range Interval Between Gates--kilometers

17 Number of Lags in Each Gate--24 or 32

18 Correlator Channel Sample Interval--10 or 12 Ls

19 Iigh-Voltage Fail Flag: 0, No Fail; 1, Fail

20 Range to Ninth Autocorrelutor Gate--kilometers

21-236
(21-305) Low-Order Words of 9 / 24 (9 X 32) Autocorrelation Coefficients

237-452

(309-596) High-Order Words of.' 9 x 24 (9 X 32) Autocorrelation Coefficients

453-644

(597-788) Low-Order Words of: 192 I)ensity Channel Summations I
645-836

(789-980) Iligh-Order Words of 1-92 Density Channel Summations
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Figure 24 shows the main tasks of this off-line software. The phys-

ical assumption and most of the mathematical formulas have been described

in Section II of this report. Details of the programming procedures fol-

low, including descriptions and explanations of each of the subroutines.

The computer used is an XDS 930, with a core memory of 16K 24-bit

words. Approximately 13,000 words of storage are required by the program.

The graphs are plotted during the computer run on a CalComp plotter.

Most of the routines are coded in FORTRAN. Because of timing con-

siderations for the on-line program, the input tape is not in a FORTRAN

format. Therefore, thQ input subroutines are written in Machine Language.

The time required to analyze each integration period is roughly

5-1/2 minutes. About 4 minutes of this time are used to draw and label

the final plot, where the true densities and the temperatures are pre-

sented.

1. Description of the Input Data

The data are inputted by three means.

a. Magretic Input Tape

The on-line data-taking program, described previously,

generates the digital tape that is the input of this program (the tape

format has been given in Table V). Included on the tape are:

(1) A header of 20 words

(2) Twenty-four or 32 autocorrelation coefficients in each

of nine range gates (eight gates where signal is present

and one containing noise only; the eight signal gates
are usually 6r -- 50 kin apart, as shown in Figure 14).

(3) The 192 power samples.
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Table VI

TIE VARIABLES IN COMMON

Name NumberDefinition
of Words

D 192 Density samples

NUll 20 Header on output tape

(1) Last block number read in

(2) PRF (Hz)

(3)
Start time, BCD characters

(4)

(5) Azimuth (degrees * 100)

(6) Declination (degrees * 100)

(7) Power (kW)

(8) Pulsewidth (its)

(9) Calib code

(10) Bandwidth (kHz)

Date in BCD
(12)

(13) Delay code

(14) Interval between density samples (Ps)

(15) F:.rst range--R0 (km)

(16) Ar-interval between AC gates (km)
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Table VI (concluded)

Name Number

Table \ CnlDed)ntio

of Words Definition

(17) Number of AC samples (us)

(18) Interval between AC samples (as)

(19) f F 2 (MIz * 100)
0

(20) Number of pulses integ:,'ated

PV 8 Peak-to-valley ratios

BW 8 lIalf-powz,.. widths of spectra (kttz)

SN 8 Signal-to-noise ratios of spectra

PC Calibrate level power

PN Noise level power

IB First index of density plot

IE Last index oC density plot

MORE 6 Additional parameters, written on output tape

(1) Record number on output tape

(2)

Last time, BCD characters

(4) Cf * 1000, where Cf =N(foF2)1N max

(5)
Blank :

(6)

79 I
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b. Typewriter Input

For each in tegrat ion time , the niumber of pul1ses , NP , on

which thle integration is to be performed is typedI in, aln(] also tile value

of the F-layerc('ti tal frequtency, f F2 , as measured by a nlearby ionosonde.
0

Optiona 0111 npu t The number of sample po int s to be incl1ud ed

inl thle Cal ibrat ion pulse 'Ind al thle noise pul1se and the vailue of SMUMA

SNMAX is t he lo~kes t signial -to-noise ratio that a spec trum canl have i f it

i s toa be used to in fer teniperatures. These numbers are a sked for only

if Sense Swi teli I is set.

C . Spec truin Scaling Chart

T[his Chea rt (F igu res 7 t hrough 10) i s onl paper tape andi i s

read ill jutst. once (Ii " tig a comipto r run. Thle ion t empera t tire and the

temiperature ratio0 are derived fromn this chairt, ais hals beenl seenl inl

Section 11-13.

For miore deta2 il onl these various inputs , refer to tile

diescrip)tions of each subroutine wii dli foillow. Tile rou tines are djescri bed

inl their calling order (see the general flow chlart , Figure 2-4). Mo st of

tihe v'ariabl es are inl common , and are li sted wi th the ir (def ini tions ila

Table VI.
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2. MAIN Program

Subroutines called: ENTRE I
POWER

MADI

Descript ion. To make the program more versati le, the MAINMI

program calls the major routines, instead of having them linked one to

tile other. Its flou is a simple loop:!

Call ENTRE I

('all POWERca 1 1 MMWR ii
Call MAUD

When tile computer runl hais ended, the operator branches to In !

instruction which writes an end of file on te output tape. Then the

program comes to a halt, which, once cleared, is followed by a RE',IND

of tile output tape.

3. 1nptut Routine ENTRE

Arguimtlen t s: None

Called by: MA I N

Routines called: STARTR

CONTR

UNTPACK

INTEGRE

INTOF

SATOFF
SPECTRE

81



IDescri p t ion. ENTRE i s tile rout ine t hat performs the input of

the recordIed dat a to be analyzed. I t. reads un approprilate number of

records from the input tape , tests each of them for thle presence or a

satelli te (in which case it drops the record) , and integrates these

da t a.

Let uis now follow step by step tile flow Chart of tile sulbi'ouii e

( sec l'i urc 25).

a. rlape Reaidy Test

Thi s i s performed by at call to STARTR , ii machi no language

subroutine; thie input tape has to be onl Unit 3 and lDensi t.: 556.j

b. Input Trape Posi tioning

The first. t~iie in thle program, one mighIt want to start

the in tegra tion on a record somewhere in thle middle of the input tape.

If Sense Switchi 3 is set, the time to position tile tape is asked for by'

the message: WANTED TINIE. After tile wanted time, WT , has been typed ill,

tile input tape is read in until the tape time, which is decoded by the

Machine Languageo Routine U'NPACK, is equal to or greater thanl WT. 'Fhe

following messagIe is then typed: READ TINT hhi mm sss.

c. First Record Read

After the message, NU1TBER OF PULSES, thef- operator types

inl NP, the num~ber oC pulses on which hie wishes to perform the inltegration.

For a 15-minute integration p~eriod and a PRF of 75 per second , NP = 67500,

One minute is usually the integration period used (during thle on-line radar

run. ENTRE reads the first input recorci into the buffer 113 and p-rints

all the header information (words 1 thirough 20 of the input buffer), The

reading-, routine, called CONTR, is an entry of STARTR. Then, thle value
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ILE I

JI
IE4CALL START4 TEST Error

Set SENSEE SWNC He= etSE INI

INPUT RECORD INPUT RECORD)

EAD NEXT RECORD ITGAEA
& UNPACK TIME ',

TWEFtAILURE"

Ye oYes
NPRNP 7TYPE TIME I

READ NEXT CONVERT AC & D

"N IP'' _NORMALIZE BY NPR

READ FIRST RECORD UNPACK & PRINT
LAST TIME
& STORE IN

INITIALIZE [. AC, FLAGOUTPUT BUFFER

UNPACK T I;ME
FILL NUH ARRAY CALL SPECTRE

PRINT HEADER INUH)

RETURN

FIGURE 25 ENTRE FLOW CHART

83

L,



of the ionosonde frequency f F2 is asked for (see MAD, for the use of
0

this parameter)

d. Input Reco'd Test

A flag rIB(981) is set by CONTR, to a negative number if

there was a read error, is set to a positivc number if the record read

was an END OF FILE mark, or remains zero if the input record was properly

read.

The other test performed here is the search for satellites.

It was noticed that frequently the data for an entire 15-minute integra-

tion period were spoiled by a satellite passing through one of the

radar side lobes for a few seconds. This is why, before being integrated,

the power profile is screened by SATOFF. If there was a satellite, the

Iargument IBM)[ retturned by SATOFF is equal to tihe power sample index of

the beginning of the "bunp" caused by the reflection on the satellite.

If IBUMP is not zero, the data are not added to the accumulating buffer, f
and a message giving the time and IBUMP is printed.

I

e. Integration

The autocorrelation coefficients and power samples have

been recordc-d as double precision integers, with the lower-order words

grouped together first, followed by the higher-order words (Table V).

After each record has been read, the autocorrelation coefficients and

power profile sample are accumulated in Arrays AC anf.t D, by Machine

Language Subroutine INTEGRE.

At the end of the integration period the accumulated II
values, AC(i,g) and D(j) are 'converted into floa.ing point variables by

Routine INTOF. However, the integration is terminated if an end of

1
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file has been encountered in the input tape, or a high-voltage failure

in the transmitter occurred during the data collection period.

In brief, when ENTRE has finished, Arrays D and AC contain

NP

D(J) R5 P (J)  (28)

I

NPac(. ,g) = AClj ( s,g) ,(29) 1

j = range Index

1 =pulse Index

log number

g = gate numberH

The autocorrelation coefficients array is the argument of Routine SPECTRE j

which is called at this point to compute and plot the spectra,
i

4. Satellite Detection Routine SATOFF

Arguments: 113, IBUMP. ID Is the read buffer array; i

IBUMP Is the index of the power sample 4
where the satolli.to , 1 1 any, was detected,

i
Called by: ENTRE I

IRoutines called: F'O81 and FOS2I

Dscrip 1o1n. Sinace the analyed dlata had often been spoi led

by Lill trtl'facQ eO 11 ate],llitV paHsing In one of the side]obos during i

the raidar rin, thi s tsbrouttico was written to screen out the bad records,
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L I
As an example, Figure 26 shows the power, in decibels, plotted as a func-

tion of the range. Two satellites were detected during the integration

period. The low-altitude satellite spoiled the spectral data, and the i
high-altitude one gave a wrong noise level. The importance of not inte-

grating data containing satellite echoes is apparent.

4.0

GROUND CLUTTER

3.0

2.0 ~CALIBRATE
PULSE

o
IONOSPHERE SATELLITES

A

0.0

0 I I I
0 100 200 300 400 500 600 700 800 900 1000

RANGE (kim)

FIGURE 26 POWER PLOT SHOWING SATELLITE ECHOES

A satellite echo is a square pulse, equal in length to the

transmitted pulse. With a typical pulse length of 360 gs and a sample

interval, Ad, of 30 ps, the number of samples in the echo is 'r/d = 12.

To screen out the satellite echoes, we first test whether a

detected bump in the power profile encompasses eleven or twelve samples.

Since the satellite echo can be anywhere in the power profile, 'we cannot

compare the value of twelve samples to the ground level but must draw a

line joining two power samples without satellite influence (Line A-B in

Figure 26).
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Starting at an altitude of 375 km, each sample D(j) is compared

with the preceding one; the difference,

DIF D(j - 1) -D(j), (30)

is compared to SIG4

5 D(j - 1) + D(j) (31)SIG4 =5 (31-)

2

(N is the number of pulses per input record, typically 4500).

If DIF is bigger than 5o, the point is deemed aberrant. In

the case of a satellite, we can anticipate two of these aberrant points,

the first with a positive DIF, the second with a negative DIF, the dif-

ference in their indexes being 11 or 12. This is what is done in the

first part of the program (see Figure 27 for the flow chart).

This test was found not to be sufficiently refined, since re-

ceived signals from interfering radars frequently caused DIF to exceed 57

when no satellite was present. Consequently, a further test was intro-

duced: The equation of the line AB is computed:

y = aj + b , (32)

and all the satellite echo samples must have an amplitude greater than

aj + b + 5u. The last sixteen samples are treated differently, because

they represent the calibration pulse. When j 177 (177 is the index of

the first calibration sample), the power D(j) is divided by the ratio PC/PN.

Then the sample is submitted to the above test procedure.

If the data do not satisfy this last condition, IBUMP is set

to zero again, and the remaining samples are screened. The samples in
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the read-buffer array IB are not in a format suitable to FORTRAN. There-

fore, a Machine Language subroutine was written to convert a particular

power sample from the IB array into a floating point number. This con-

version is performed by Subroutines FOS1 and FOS2.

5. Spectrum Routine SPECTRE

Argument: AC(k,g)

Called by: ENTRE

Routings called: PTRAN SI

PLOT
I
I

Description. It has already been said (Section III-B) that the

Fourier transform of the autocorrelation coefficients is the backscatcered I
spectrum in which we are now interested and that from two parameters of

this spectrum--the peak-to-valley ratio and the bandwidth--one can compute

the electron and ion temperatures. Hence, the three tasks of SPECTRE are:4

IU

(1) To compute the Fourier transforms of the nine autocorrela-

tion functions I
(2) To draw the noise spectrum and the eight signal spectra. I

These plots, in fact, are here only for diagnostic pur-

poses.

(3) To compute the PV and BW of the eight signal spectra. _

The AC array is double-indexed: 2 is the lag index (2 = 0 to 23 j
or 31), and g is the gate index (g = 1 to 9), with g = 9 corresponding to

the noise gate. The Fourier cosine transform is used: I
L

S(f) At AC(2,g) • cos (2T-rkfAt) , (33) 1
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where

S is the energy at the frequency f,

At is the interval between two samples. 1
At limits our spectral definition: FF 1/(2Lt) is the maximum

frequency we can resolve. Numerically, for At 1 10 4s, we have FF = 50 kHz.

The subroutine performing this Fourier transform is PTRANS. It I
computes, for each frequency f,

S'(f) AC(0,g) + 2 AC(k,g) . cos (2nf At)j

(34)

+ AC(L,g) .cos (21fLAt)

Figure 28 is a simplified flow chart of this subroutine. .

a. Noise Subtraction and Normalization

Each of these AC(l,g) contains both signal and noise. The I
noise is subtracted and the coefficients are normalized to the zero-lag

coefficient. The normalization factor, AC(O,g) - AC(0,9), is the total

signal energy received in the g gate:

AC(l,g) - AC(,,9)
AC(C(0,g ,g) (0,9) for g A 9 (35)

AC(Z,9)
AC(2,g) - AC(0,9) for g 9 (36)
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SET SCALE FACTORS

XSC 
= 25 kHz/INCH

YSC 
= 2.4/INCH

S NORMALIZE NOISE GATE

CORRELATION COEFFICIENTS

7 TRANSFORM & PLOT
UNF'Ot DFn NOISE SPECTRUM

I J -

gU

ICOMPUTE SIGNAL TO NOISE RATIO

i I

NORMALIZE CORRELATION

COEFFICIENTSJ

TRANSFORM & PLOT4

FODDSIGNAL SPECTRUM

S DETERMINE PV AND BW

PRINT:

RANGE, SIGNAL TO NOISE,

SE IN CFIdB, PV,

AND BW

g g

Ii

FIGURE 28 SPECTRE FLOW CHART
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1.. lBan(Ijass Filter Correction

Since the filter shape is not a clear-cut battlementrit.

specctrum S '(f) is correctecd for the shape of the noise spectrum:

s(f) =s'(t) * S~ 11is

This cor'rect ion 1s 5 (lflu ill Subrou tine P'rRAINs

C, Plots

Fi-ure 29 is an example of' the spectra. '[he scale is

25 Idz/i nc h in the abscissa , and the ordinate is rel at ive power. The

!vo1so, plot is dra%%n first , \%ith f varyi ng from 0 to FF. As stated pre-o

\.ioulslv (Sect ion 11-13) , the scattered spectr'a are symmectric around zero

Doppler shifts , assuming the effects of ionospheric drif'ts or currenits

to be nlegligible. Thus , the signal. is assumed to be symmetri1c and folded

around the con tQ1r frequency ,CF ,whii ch is related to the i ntermedi ate

f reqjuency, lF', and to the maxinmum f'requencv , FE , by

CF = 2FF - 1F .(38)

NOISE 200 km 250 kmi 300 km 350 km 400 kmy 450 kmi 500 km 550 km

0 CF F 0 25 0 - 25 0 -25 0 25
0 25 0 - 25 0 25 0 251

FREQUENCY -kHz

FIGURE 29 SAMPLE OUTPUT PLOTS OF SPECTRAj
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Typically, CF =25 kltz. The plots at thuij eight different ranges are the

"folded" npectra; that is, y = s(f) + S(2C1" - f) is plotted against anI

abscissa f between the center frequency and the maximum frequency.5

d. Peak-to-Valley Ratio , llandNwidthi, and Signal-

to-Noise Ratio

During thle, Compu tat ion of the spec trum S( f) the(- program

deriv'es the peak*-to-vallev ratio,

S I
max jIf

andl the bandwvid(th lrW , thle f requency at \x licl thle spec tral power has

fallen to S /2. Tfhese two parameters enable us to derive the ion c Imax

temperature T. , and the temperature ratio

To determine whether our incoherent scatter spectrum is

good'' enough to givye a value for T. and T t 1he signal -t o-noi se ratio

(sNR) is used:

SNR Signal -+ Noise AC(O,g)
Noise AC(0,9)-

If the SNR exceeds SN"MAX (dlescribed previously), the spectrum is considered

good'' and is useud to i nfer' temperatures by Subroutine INTER.

6. Power Profile and Raw Densi lv Routine POWERj

Argumen t: None

Called by: MAIN

Subroutine called: PLOT

Output: Power plot
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De scri pt ioil. POWER (loes two diffurent things: It plots tile

received power (in decibels) as a function of the rainge (in kilometers),

and( it calculates a raw electron (density using Eq. (3).

F'igure 26 is an example of the output,. Thle plot scale is

2 dPi/i uchI in the y axis a~nd , in I he -, axi s, 20(0 or 4101 km/inch , depend ing

onl M. e t h(r t he initerval -,d bet ween t.he szmples i s 3() or 60 is.

Fig ure :3)is a sinip Ii tied flIow chart o f thi s program. Onc, senlse

switIch is u~sed. If SS-1 is seti , the number of calibrate pulse samples,

NC , and of noi se samples , NN , is askedI for, Ifr it i re set ,Nc nd~ NN

ar.c left tiln0h11ne'ed.

a. Calibration

To 1il0asiil" thle receivted power , a cal ib)1'l Cd nois so1eve l

isijected in the last sixteen densi tv samiples. This calibrationjl1'

temlilrt tre is

70 *2 -C3(deg rees Kelvin) ,(1

whlere CC i s thet cal ibraltion code , N(9).The exponen I CC/3 i s the number

of 3-dil it tentiator's inuserted prior' to inject ion of the0 noi so pulse (e

Sect ion 111 -A) . For CC 0, which is a typical value , T K 70 T lihe

only othier %-ivalus CC call have are 3 , 6 , or 9. We thus have

P KTB 1 (12
K K D

where 1) is thle p~o\we-r ijected in the cali brati on pulse , K is fBltzmnann 's
K

Consti.ant ,anld 13) is the receiver bandwidth.

To-L doteorminte the value, of the noi se level , the program

averages t he NN samples that are :utbefore thle NC calibration samples.



__ AI

ASK* I RN

STLACRP NEW

- -~ - -- -- -- -

PRINT PC. PN. PC P

y 10 iog 10(P(I) PN)

F ~PLOT Y VX

F- CMPUT RAV DE,-,

FIGURE 30 POWVER FLOW CHART
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Typically, NN is sixteen samples, but during the night periods, when the

electron density is very low, this number can be greater for more pre-

cision--32 or 40. During daytime, the electron density is sometimes so

high that, even at the range of these last pulses, some signal is still

present, resulting in a computed noise level that is too high.

In brief, the values of PC and PN are given by

192

PC P('j) (43)PC NC _

j=192-NC+l I

192-NC-1

PN P(j) (t,

j =192-NC-NN

b. Power Plot,

Along the Y coordinate, the quantity plotted is

101Y(j) =10 lOg1 0 [P(j)/PN] ((IB) .(45):

The axis is drawn at Y = -1 dB. The range along the X coordinate is

X(j) = + ± C2(j - 1) (ki) (46)

where C2 is the range interval between samples, and R is the range of
0

the first sample. tere R is given by

R = 20 * (D - 1) + 3.3 -T (km) (47)
0 4
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where D is the delay code, r is the pulsewidth, and c is the velocity

of light.

c. Electron Density

In this routine (POWER) the raw electron density is next

comlputed. By combining Eqs. (3), (4) , (41), and (42) we arrive at the

following equation for raw oloctron (onsity:

C: K 70(2 WS[ () ],.,]X(.)) 3iI())= -1 .......... (cl/m ) , (18)

PT(PC - 11N) I
whore all tho terms have p)reviou-ily boon (l llu nd. "or simplicity In thm

prog'aim , aill .he tn1hallpg Ing te over an I l tograttJ on pit oI are collected

together into CON, whore

mI

(' K 70(2 )ns u
CON (')( 1 P )]p '1i ( - l'N)

*1'

I I I I hui f I a w (j-n IS ty I H

J (,) j CON. x(C)O. Er (j) - ,N(e/m ) (50)

'iluo -noxt II 1w .Io (ko J? 10 cOpll)uIIt. tilh) truio ec trt0 (I-n Hity, ,.

which is thv plwp)OH() (of th p'Og rilu CU1]ed NW.

I
I
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7. True Density Routine MAD

Argument: None I

Called by: MAIN I

Houiit ms Called: INTERP
SORTIE

PLOT

ANNOT1

Function called: CLI (performis a linear interpolation)

IDescri p i on.. At tel going through Subroutine POwER, the

array 1) con ta ins the raw dlens ity . 'The( values of' PV and 13W have pre!-

vi ens Iy b(en o ta i ned 1 rem the1c spec tra ill Subrou t ine SPE'CTRE; thus we
(,anl no~w compa te aI More Accur. t ~n it (MIAD) .

A!'tel' First. i n itiati.ng the values of' the parameters , IMD comn-

pu tes at, each spec truinl ra 'ige '1' 4, an 2l . '1Then, f'ollowing the procedure

tiesr Sci elln SectI.ions 11-13-1 anld Il-C , i t compu tes the true lns ities at

Ctia.ch power2 sani I e ranlge and thet tr.uo temipera tul'e correc tedl for nioiwero ce

Lte i. now S(,OW ill' 111lu detaile (I( I 11 ow these operaLi on s are pen 'ormedi. I" g g

ute( 81 1 is (I( tw11ow chart. ()F NM).

a, In itIializ'a tion of' ll-1'r1gra

TY/o SWI tClIes are- use-l Inl this1 f'irst pMArt Or' thu prgrilm:

]r ) qii 1is sut., the, value ot SNMIAX is asked for;
if i t I s l'eseL , the Value 0,.0 Is a-ssumled (11 U noj

(2) It' 882 Is He , lie, program pauses , then r'eads 1 romI

ha I IlJ. It on 1 y. once , tho 11 int t~m 11h eI i llogyn

I s ec-!ted.
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b. Computation of T i and at Each "Good Spectrum" Altitude

The two parameters of a backscatter spectrum, the peak-

Is . to-valley ratio and the bandwidth, are functions of the temperatures T.

2
and T , and also of the a The data are first processed by assuming

02
= 0, which gives a first value of T and of the temperature ratio, T

1 r

The value of the raw density is then used to correct these T and T r
i r

which, in turn, are used to correct N. After the raw density has been

replaced by this new N, the T and T are recalculated, and the process !i ri

loops until consistent values are found for N, T., and T . This itera-
1 r

tion ip done for each altitude at which a spectrum has been computed.

Before being used to infer T* and B, a spectrum must

satisfy these four criteria:

(1) 9 ! BW < 26

(2) 1 < PV 2.6

(3) N' / 0 (raw density at the altitude of the con-

sidered spectrum)

(4) SN > SNAX. j
The index of the lowest good spectrum is called KL, and

he index of the highest one is KH. For each K spectrum, KL -< K ! KII,

Subroutine INTERP is called in, which uses the spectrum scaling chart

(paper tape input of this program) to interpret PV and BW in terms of T I

and . The program then iterates around the equations

= 2 (51) 1
r

T = T. * r (52) 1
N' 2 2

VN 2 1 + )(1 + C' + Tr) (53)

2 6

2 1-4.22 x 10 T VN (54)
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until the temperature T and the density converge. At this point, the
0

temperature and the density are printed out.

When this loop over K has been terminated, KL is tested;

if it equals zero, this means that all the spectra were bad and the den-

sities cannot be accurately measured; control is returned to the MAIN

prog-ram, and a new integration is started. There will be no (lensity

plot and no output ol tape.

c. Computation of True Density

It is meaningless to compute the density at an altitude

where ground clutter is present or where the density is smaller than the

accuracy of the measurement.

Therefore we next determine the altitude extent over which

to compute true densities. The index 113 of the first .- nsity is detee-

mined in the following way. Starting at the altiude of the first good

spectrum, one follows down the D(j) curve until D(j) is less than

10 3
10 el/n IB is then set equal to the index, j, at this point.

10
If D(.j) is never less than 10 , IB is set to the index of the minimum

of the density curve.

Similarly, the index, IE, of the highest altitude at

which tile density is plotted is determined by the altitude at which D(j)

10 3 10 3
exceeds 10 el/n If the density never gets smaller than 10 el/m

then IE is uet to 170, equivalent to a range just before the calibrate A

pulse. 4

To compute true densities, T and T are computed at each

range between IB and IE where a power profile sample exists. The temper-

(1) under the lowest good spectrum; (2) between two good spectra; or

102

t I I



[
(3) above the highest good spectrum. Section HI-C describes the procedures IV
used for each of these three cases. A

The iteration that gives the true density from the raw

density uses the two equations

2 (6
= 11.22 X 10 6 T i\P (55)

(1 + 2)(I + o2 +'rr) (56)
2 r

where IVNP is the previous N.

2
To converge faster, a first a is computed from Eq. (55)

and then an NI from Eq. (56) , and the first VNP is taken to be the geo-

metrical mean between N' and N1,

VNP N 1 .(57)

When the density profile has been computed, the D array is

multiplied by C

Cf = N(f 0F2)A , (58)

where

N(f F2) = (f F) 2/80.6 (59)

N maximum density computed from incoherent
max

measurement alone,

so that the value of DENMAX is equal to the one deduced from f F2.
0

After the data have been processed by MAD, all the ccm-

putations for this integration period are finished. All that needs to
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be done is to plot these values and to write them on the output tape;

this is the task of SORTIE, which is called at this point.

8. Output Routine SORTIE

Arguments: TI ,TR

Called by: MAD

Routines called: PLOT

ANNOT

LABEL

Description. This output routine plots the values of the

electron densities, the electron temperatures, and the ion temperatures

as a function of altitude. Figure 32 is an example of this plot.

SORTIE also writes the computed true densities and temperatures on a

magnetic tape. Figure 33 is the flow chart for this routine.

a. Plotting of the Densities

To eliminat, some noise fluctuation, and since the trans-

mitted pulse length is not zero, the density profile is smoothed before

being plotted.

Typically, the pulse width is T = 360 s, and Ad = 30 ps,

so the smoothing should be over

X Td- 6 samples
2 A

In the program we average over five samples and plot the

averaged density at the altitude of the middle sample. The density is

11 3
plotted on a linear scale of 2 X 10 el/ per inch of graph. If the
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START

SENSE WITCH
FDRAW AXES & TICK MARKS

Detv Plot fo SE NSE SWITCH 2

X DfI-2)+DiII-1ID(IIID(I 11.011.?i
Set

ASK FOR & INPUT
LAST TIME AND DATE

ANNOTATE N'READ OUTPUT TAPE

RESET PLOTTER SCALE FACTORSI

PLOT v~ VROM TAPE - TYPED I N

ANNOTATE. "TE' e

PLT T v Y

ANNOTATE 'TI"

WRITE START TIME,
END TIME, & DATE

ON PLOT

LABEL AXES

FIGURE 33 SORTIE FLOW CHART
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11 3

caiculated density is bigger than 20 X 10 el/m , the values are plotted

with a new origin shifted 10 inches to the left. I

__ _ _ _ _ _ __ _ _ _ _ _ _I

b. Plotting of the Temperatures

The electro and ion temperatures are plotted only at the

altitudes at which the spectra were good. I -v are plotted on a linear

scale of 4100 0 K per inch of graph. The measured T 's are identified byi

an "X" and the T 's by a small square. Straight lines connect the meas-
C

ured temperatures. If one of the values is out of the scale (T > 30000)

the pen is lifted and the point is shown at the 30000 edge of the graph.

c. Labeling of the Graph

The graph is labeled in the upper center with the start

and end times of the integration period and the date. All times and dates

are GrT. When these values have been written, Sense Switch 1 is tested.

If it is set, the message

IF SS1 SET, OUTPUT TAPE NOT WRITTEN

is typed out, and the program halts. If, when the halt has been cleared

SS1 is still set, the labeling is not finished, and, more important, the

output tape is not written with the data corresponding to this integra-

tion period.

d. Output Tape

The tape has to be mounted on Unit 2, the density is 556 bpi,

and the tape is written in BCD format. This format ha.; been adopted so

that the BCD output tapes can be reread by any other computer (XDS, CDC,

or IBM alike), hopefully:

1
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1) Positioning of the Tape. One might need to position

the output tape after a specific record in order to stack additional data

on a previously written output tape. To do this, set both Sense Switches 1

and 2. Program SORTIE, after plotting the temperatures and writing the

time and date, tests SS1 and SS2. If both are set, it types the message

GIVE LAST TIME (A4), AND DATE (2A4) I

The operator types in the last integration time of the record on which he

wishes to position the tape. The tape is read, record by record, until:

(1) The (late read is the same as the one asked for i

(2) The last time read is equal to or bigger than the 5
typed-in time. The message OUTPUT TAPE ON hhmm sssis then typed.

The next data will be written following this last read record. -

2) Tape Format. A BCD written tape has a physical record

length of up to 132 characters. One logical record contains one or more

physical records. In our case, in one logical record, the data correspond-

ing to one integration period are written, with the following coding:

WRITE OUTPUT 'rAPE 2 , 101, NREC, NUl, I)D, TI, TR, PC, PN, IB, IE
1, [M0 EE ,J26

101 FORMAT j16, 216,2A4, 61(3, 2A4 ,816, /,
1 19'OE12.6,/] ,2E12.6,/, 2F8E12 ,6,/]

1 ,2E12.6,16,16,A4,A3, /,316,15X]

Table VII shows the output tape format.
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the incoherent Scatter profiles are normalized to f 0F2, the f inal

accuracy of' the density measurement is determined by the accuracy to

which f F2 can be scaled, and] this accuracy (kA).25 d113) is the mainl
0
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time, N at altitude h versus T. at the same altitude,

scale height versus height, and T versus N ,x/NfoF2.
r0

'lMis program would eliminate most of' the hand plotting
now required to study these ionospheric parameters.
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Ad Time interval between samples for density channel (either 30
or 60 ".s)

Ar Radnge interval between zoutocorrelation range gates (kinl)

At 'lime interval between samples for autocorrelation channel

(either 1() or 12.5 4s)
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n Number of pUlSL.3 over which integration is performed

N' A row measured electron density calculated by assuming

N1 1,'lityur maximum density ats moasurxl by the incohierenlt
311 scatter i'adar
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p 0
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It M Range to maximum electron density

It Uppermost altitude at which measured temperatures are obtained

R1 Apparent range (on scope) to center of first autocorrelation

range gate (kin)I

RN Apparent range (on scope) to center of autocorrolation range

gate in which noise alone is sampledI

SNIR Signal-to-noise ratioj

SI~NL Sgnalplu-nose- o-niseratio

a Efflctive backscatter cross section of single electron for
incoherent scuttor =/[ C7 -f 2 + ']V+ r~ji2

-2H82
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V C V

'I vi; I I IIi 11 t ed p iiic. ln I Ii I SecondIs
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of-magnitude improvement in data processing time, as well as a significant improve-
ment in measurement accuracy.
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